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EXPERIMENTAL STUDIES ON HEADACHE 


ANALYSIS OF THE HEADACHE ASSOCIATED WITH CHANGES 
INTRACRANIAL PRESSURE 


CHARLES KUNKLE, M.D. 


BRONSON RAY, M.D. 
AND 
HAROLD G. WOLFF, M.D. 
NEW YORK 


The relation of intracranial pressure to headache has long been a 
subject of interest, but the available experimental data are limited. 
The experimental approach to the immediate effect of drainage of 
cerebrospinal fluid as a headache mechanism has been made by only 
a few investigators.t In contrast, the headache which so often follows 
routine lumbar puncture has been studied by many. Such headache 
has been ascribed by a minority to increased,’ and by most to decreased, 


intracranial pressure.* 


Read at the Sixty-Seventh Annual Meeting of the American Neurological 
Association, Atlantic City, N. J., June 11, 1941. 

From the New York Hospital and the Departments of Medicine, Surgery and 
Psychiatry, Cornell University Medical College. 

1. (a2) Masserman, J. H., and Schaller, W. F.: Intracranial Hydrodynamics: 
Influence of Rapid Decompression of Ventriculosubarachnoid Spaces on Occur- 
rence of Edema of Brain, Arch. Neurol. & Psychiat. 30:107 (July) 1933. (0) 
Masserman, J. H.: Intracranial Hydrodynamics, Central Nervous System Shock 
and Edema Following Rapid Fluid Decompression of Ventriculosubarachnoid 
Spaces, J. Nerv. & Ment. Dis. 80:138, 1934: (c) Cerebrospinal Dynamics, Effects 
of Intravenous Injection of Hypertonic Solutions of Dextrose, Arch. Neurol. & 
Psychiat. 35:296 (Feb.) 1936. (d) Loman, J.; Myerson, A., and Goldman, D.: 
Effects of Alterations in Posture on Cerebrospinal Fluid Pressure, ibid. 33:1279 
(June) 1935. (e) Fay, T.: New Test for Diagnosis of Certain Headaches: The 
Cephalalgiogram, Dis. Nerv. System 1:312, 1940. (f) Kasahara, M.: Experi- 
mental Study in Meningeal Irritability, Am. J. Dis. Child. 28:407 (Oct.) 1924. 

2. (a) Masserman, J. H.: Cerebrospinal Hydrodynamics: Clinical Experi- 
mental Studies, Arch. Neurol. & Psychiat. 32:523 (Sept.) 1934. (b) Balduzzi, 
M. O.: Le comportement de la pression du liquide céphalorachidien aprés la 
ponction lombaire, Rev. neurol. 1:1074, 1927. (c) Targowla, R., and Lamache. 

(Footnotes continued on next page) 
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The mechanism of the other common headache often linked with 
altered intracranial pressure, that occurring with tumor of the brain, 
has had less attention. As Northfield * emphasized, a necessary rela- 
tion between the headache and the increased intracranial pressure has 
been proved. 

With these issues in the foreground, the purposes of this investi- 
gation were as follows: 

I. To ascertain the mechanism of headache following experi- 
mental drainage of cerebrospinal fluid. 


II. To ascertain the mechanism of headache following lumbar 
puncture. 


III. To ascertain the role of intracranial pressure in the headache 
associated with increased intracranial pressure. 


I. HEADACHE FOLLOWING EXPERIMENTAL DRAINAGE 
OF CEREBROSPINAL FLUID 


A. CEREBROSPINAL HYDRODYNAMICS 


When the human subject is in a horizontal position the lumbar, 
the cisternal and presumably the intracranial (vertex) pressure are 


A.: Les accidents d’intolérance a la ponction lombaire, Presse méd. 36:1111, 1928. 
(d) Guillain, G.; Alajouanine, T., and Lagrange, H.: Hyperhémie papillaire au 
cours du syndrome d’intolérance a la ponction lombaire, Compt. rend. Soc. de biol. 
90:1025, 1924. (¢) Kennedy, A. J.: Spinal Anesthesia: Clinical Experiences in 
Four Hundred and Thirty Cases and a Technique to Eliminate Post-Operative 
Headache, M. J. Australia 1:40, 1932. 

3. (a) Merritt, H. H., and Fremont-Smith, F.: The Cerebrospinal Fluid, 
Philadelphia, W. B. Saunders Company, 1938, pp. 224-226. (b) Nelson, M. O.: 
Post-Puncture Headaches: Clinical and Experimental Study of Cause and Pre- 
vention, Arch. Dermat. & Syph. 21:615 (April) 1930. (c) Jacobeus, H. C., and 
Frumerie, K.: About the Leakage of Spinal Fluid After Lumbar Puncture and 
Its Treatment, Acta med. Scandinav. 58:102, 1923. (d) Pacifico, A.: Sui disturba 
da punctura lombare, Riv. di pat. nerv. 43:1215, 1934. (e) Ingvar, S.: On the 
Danger of Leakage of Cerebrospinal Fluid After Lumbar Puncture, Acta med. 
Scandinav. 58:67, 1923. (f) Kulchar, G. V.: Cisternal Puncture: A Survey of 
Reactions Following One Thousand Two Hundred and Forty-Six Punctures, Am. 
J. Syph., Gonor. & Ven. Dis. 24:643, 1940. (g) Greene, H. M.: Lumbar Punc- 
ture and Prevention of Post-Puncture Headache, J. A. M. A. 86:391 (Feb. 6) 
1926. (h) Heldt, T. J., and Mohoney, J. C.: Negative Pressure in Epidural 
Space, Am, J. M. Sc. 175:371, 1928. (1) Sheppe, W. M.: Relation of Negative 
Pressure in Epidural Space to Post-Puncture Headache, ibid. 188:247, 1934. 
(7) MacRobert, R. G.: The Cause of Lumbar Puncture Headache, J. A. M. A. 
70:1350 (May 11) 1918. (k) Solomon, H. C.: Raising Cerebrospinal Fluid 
Pressure with Especial Regard to Effect on Lumbar Puncture Headache, ibid. 
82:1512 (May 10) 1924. (J) Alpers, B. J.: Lumbar Puncture Headache, Arch. 
Neurol. & Psychiat. 14:806 (Dec.) 1925. (m) Perkel, J. D.: Des accidents 
secondaires qui suivent la ponction lombaire, Presse méd. 33:1320, 1925. 

4. Northfield, D. W. C.: Some Observations on Headache (Hunterian Lec- 
ture, Abridged), Brain 61:133, 1938. 
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equal and approximately 50 to 180 mm. of water, but when the subject 
is erect these pressures diverge. Because the intracraniospinal cavity 
is not a completely rigid tube, the lumbar pressure then rises to between 
375 and 550 mm., which brings the top of the fluid in the manometer 
near or slightly below the level of the cisterna magna.’ ‘The cisternal 
pressure when the subject is in the erect position rests at a low level, 
noted to be slightly negative in dogs® and human beings‘ and mea- 
sured by one observer as + 40 to —85 in man. It was suggested 
by Fremont-Smith and Kubie * that in the erect human subject the 
“intracranial” pressure is — 150 to — 300 mm. The depression noted 
over the open fontanel in infants who are placed in the erect position 
supports this contention. 

Studies of venous pressure have shown that with postural shift 
changes occur which parallel those in the cerebrospinal fluid. Weed 
and Hughson * demonstrated that the intracranial cerebrospinal fluid 
pressure in animals is slightly greater than the venous pressure as 
measured in the sagittal sinus. In human beings, also, Myerson and 
Loman ® showed that with the subject in the horizontal position the 
lumbar pressure is slightly greater than the jugular pressure, and that with 
tilting of the body head up to an angle of 45 degrees the lumbar pressure 
rises to between 200 and 270 mm., whereas the jugular pressure falls 
to zero or lower; reverse changes occur when the patient is tilted head 
downward. Von Storch and co-workers *” correlated such changes in 
the venous and the cerebrospinal fluid pressure, postulating that in the 
erect subject the rise in lumbar fluid pressure represents the trans- 
mission via distended intraspinal veins of the hydrostatic effect of the 
column of blood in the venous channels up to the level of the auricles. 
Since bilateral jugular compression led to as great an increment in 
lumbar pressure when the subject was erect as when he was horizontal, 


5. (a) Loman, J.: Components of Cerebrospinal Fluid Pressure as Affected 
by Changes in Posture, Arch. Neurol. & Psychiat. 31:679 (March) 1934. (b) 
von Storch, T. J. C.; Carmichael, E. A., and Banks, T. E.: Factors Producing 


Lumbar Cerebrospinal Fluid Pressure in Man in the Erect Posture, ibid. 38:1158 
(Dec.) 1937. (c) Loman, Myerson and Goldman.14 

6. Duane, W.; Lewis, R. M., and Ravdin, I. S.: Cerebrospinal Fluid Pressure 
During Alterations in Posture, Arch. Neurol. & Psychiat. 24:1291 (Dec.) 1930. 

7. (a) Ayer, J. B.: Cerebrospinal Fluid Pressure from the Clinical Point of 
View, A. Research Nerv. & Ment. Dis., Proc. (1924) 4:159, 1926. (b) Fremont- 
Smith, F., and Kubie, L. S.: Relation of Vascular Hydrostatic Pressure and 
Osmotic Pressure to the Cerebrospinal Fluid Pressure, ibid. (1927) 8:104, 1929. 

8. Weed, L. H., and Hughson, W.: Intracranial Venous Pressure and Cerebro- 
spinal Fluid Pressure as Affected by Intravenous Injection of Solutions of Various 
Concentrations, Am. J. Physiol. 58:101, 1921. 

9. Myerson, A., and Loman, J.: Internal Jugular Venous Pressure in Man, 
Arch. Neurol. & Psychiat. 27:836 (April) 1932. 
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they asserted that the state of filling of the intracranial veins is unaf- 
fected by the change in posture. Working with model systems and 
animals, Pollock and Boshes '° reached similar conclusions. 

The essential relationship between the venous and the cerebrospinal 
fluid pressure within the cranium has been summarized by Weed and 
Flexner '' as follows: 

The pressure-equilibrium between cerebral veins and the cerebrospinal fluid 
[is] that of an elastic membrane separating two fluids which are normally under 
almost identical pressures but which can exist under very different pressures. 


Alteration in the size of the dural envelope with postural shifts has 
been suggested as another factor in cerebrospinal dynamics.’* There 
is no direct evidence concerning the extent of such change. The dura 
appears to be well cushioned and protected from collapse, except per- 
haps where it underlies the atlanto-occipital membrane and where it 
surrounds the vessels and nerves emerging from the skull or the spinal 
column. 

From these several data the following formulation seems tenable. 
In adjustments made to changes in posture, the cerebrospinal fluid 
pressure follows closely the venous pressure as measured at the same 
level in the intracraniospinal system. When the human subject is 
erect, both the venous and the cerebrospinal. fluid pressure within the 
cranium fall to negative values, while the lumbar pressure rises. The 
height of the rise in lumbar pressure will depend on the height of the 
venous column above the lumbar sac, that is, on the length of the sub- 
ject. The zero point lies usually a little above the auricles of the heart 
and below the cisterna magna. During postural changes the state of 
distention of intracranial veins is essentially unaltered, for the equilib- 
rium between intravascular and extravascular pressure is maintained. 

This balanced relation between the venous and the cerebrospinal 
fluid pressure in the cranium in spite of changes in position may be 
diagramed, as in figure 1. For simplification, the slight excess of 
intracranial cerebrospinal fluid pressure over venous pressure is here 
waived. 

A method by which intracranial pressure can be estimated is illus- 
trated in simplified form by a model of the cerebrospinal fluid system 
(fig. 2). Like its analogue in man, it represents a compromise between 
a completely closed and a completely open system. A _ rubber dia- 

10. Pollock, L. J., and Boshes, B.: Cerebrospinal Fluid Pressure, Arch. Neurol. 
& Psychiat. 36:931 (Nov.) 1936. 

11. Weed, L. H., and Flexner, L. B.: Relations of the Intracranial Pressures, 
Am. J. Physiol. 105:266, 1933. 

12. Weed, L. H.: Experimental Studies of Intracranial Pressure, A. Research 
Nerv. & Ment. Dis., Proc. (1927) 8:25, 1929. 
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phragm, arbitrarily placed at the top, represents the distensible ele- 
ments, venous and meningeal, in the human subject. In the typical 
situation shown in figure 2A, when the model was erect, the total 
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Fig. 1—Representative normal values for intracranial venous and cerebrospinal 
fluid pressures in man in the erect and in the horizontal position, illustrating that the 
balance between the intravascular and the extravascular pressure is probably little 
affected by change in position. The venous pressures are estimates derived from 
published measurements of sagittal sinus pressures in animals and jugular venous 


pressures in man. 
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Fig. 2.—Simplified model of the cerebrospinal fluid system, illustrating the method 
ot calculation of intracranial pressure at the vertex in man. A, for the subject in 
the erect position; B, for the subject in the tilted position. 


height of the fluid column was 600 mm.; yet the “lumbar” pressure 
was 440 mm. The point on the same horizontal level as the meniscus 
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in the manometer, representing in man a point a little below the cisterna 
magna, must have a pressure of zero. This was confirmed in the model 
by opening the stopcock at S; there was then neither entrance of air 
nor escape of fluid. And, finally, the “intracranial” pressure at the 
vertex must be negative, and to a degree equal to its vertical height 
above the zero point, or —-160 mm. The pressure at the vertex of 
the model by actual measurement was found to be identical with the 
calculated value. In short, in this model and in the human subject, 
the vertex pressure is equal to the lumbar pressure minus the distance 
from needle to vertex. 

When the model was tilted, the vertical distance from needle to 
vertex was calculated in terms of the angle of tilt, which could readily 
be measured. It is clear from figure 2B that AB = AC & sin angle, 
and that therefore in the instance shown, with the lumbar pressure 
290 mm., the vertex pressure equals the lumbar pressure — AB, or 
290 — 600 sin 45 degrees, or — 134 mm. In the human subject similar 
deductions concerning vertex pressure should be possible provided the 
lumbar pressure, the angle of tilt and the distance between the lumbar 
needle and the vertex are known. 


B. METHOD 


Spinal manometric studies were carried out on 11 adult human 
subjects. Five were females and 6 were males. All were between the 
ages of 18 and 60 years. In none was there disease of the brain, cord 
or meninges which could conceivably complicate the interpretation of 
the experimental results. Lumbar pressure with the subject in the 
horizontal position was always normal (45 to 150 mm.). In most of 
the experiments the subject lay on his left side on a specially con- 
structed tilt table, with his thighs flexed in sitting posture and his 
head supported in the midline of the body. Lumbar puncture was 
performed between the third and the fourth lumbar vertebra in the 
usual manner with the use of anesthesia induced with 1 per cent pro- 
caine hydrochloride. A no. 19 needle and a 1 mm. glass manometer 
were used. Observations were made on cerebrospinal fluid pressures 
at the lumbar sac at various angles of tilt before and after headache 
had been induced by free drainage of measured amounts of cerebro- 
spinal fluid. The distance from needle to vertex and the angle of tilt 
were measured directly. The vertex pressure, taken as representative 
of the intracranial pressure, was calculated as described in the preced- 
ing section. 

In the experiments in which controlled elevation of intracranial 
pressure was desired, a flask of physiologic solution of sodium chloride 
was connected by a rubber tube to the lumbar needle. The fluid level 
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of the flask, first placed on a level with the needle before the rubber 
tube was unclamped, was then raised slowly to various measured 
heights. 

Preliminary in vitro tests with the apparatus demonstrated that the 
lumbar puncture needle was capable of transmitting the fluid quickly 
in the range of pressures encountered. For example, at 200 mm. pres- 
sure, 10 cc. of fluid was delivered through the needle in forty-two 
seconds, and at 800 mm., in eighteen seconds. Moreover, the assump- 
tion that these changes in pressure were rapidly transmitted from the 
lumbar to the intracranial spaces seems justified by the experiences 
reported with headache induced by histamine.** In subjects with such 
temporary headache, elevation of intracranial pressure by this technic 
caused cessation of the headache beginning in fifteen to ninety seconds. 
Rapid transmission of pressure changes from the lumbar sac to the 
cranium has been shown also in cadavers."* 

The 1 mm. glass water manometer was considered sufficiently accurate 
for this study, for it has been shown that pressures measured with this 
instrument do not vary greatly from those obtained with a bubble 
manometer, in which no dislocation of fluid occurs.1* Within the pres- 
sure range handled in these experiments the quantities of fluid entering 
the manometer were insignificant. As confirmed by measurement, 
0.28 cc. was equivalent to each 100 mm. on the manometer scale. 
Pollock and Boshes*® noted that as the limits of pressure change of 
the intracraniospinal system are approached, the addition or removal 
of small amounts of fluid may be accompanied by large changes in 
pressure, but in our experiments this was not a point at issue.?° 

Another potential source of error, leakage of fluid around the needle 
from the subarachnoid to the epidural space, was observed occasionally 
by Ferris*® in an extensive study of cerebrospinal hydrodynamics. 
This may have occurred in our studies. But such leakage was probably 
small, for the lumbar pressures were not high. Moreover, although 
inferences concerning the amounts of fluid removed must be qualified 
because of the possibility of hidden leakage, the observations regarding 
pressures are unaffected by such a possibility. 

The pressure readings were, however, complicated by inevitable 
variations in the degree of relaxation of the subjects, variations which 


13. Schumacher, G. A., and Wolff, H. G.: Experimental Studies on Head- 
ache: Contrast of Histamine Headache with Headache of Migraine and That 
Associated with Hypertension, Arch. Neurol. & Psychiat. 45:199 (Feb.) 1941. 

14. Masserman, J. G., and Schaller, W. F.: Intracranial Hydrodynamics : 
Experiments on Human Cadavers, Arch. Neurol. & Psychiat. 29:1222 (June) 1933. 

15. Weed, L. H.; Flexner, L. B., and Clark, J. H.: Effect of Dislocation of 
Cerebrospinal Fluid upon Its Pressure, Am. J. Physiol. 100:246, 1932. 

16. Ferris, E. B.: Objective Measurement of Relative Intracranial Blood 
Flow in Man, Arch. Neurol. & Psychiat. 46:377 (Sept.) 1941. 
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were reduced as far as possible by reassurance and by attention to pos- 
tural comfort. ‘To minimize the factors that arose from the subject's 
reaction to the situation, the measuring apparatus was placed out of 
his range of vision. The subject was made aware of the general nature 
of the experiment but was isolated as far as possible from knowledge 
of when each of the various steps in the manometric studies was under- 
taken. It should be stated, also, that because of possible inaccuracies 
in linear and angle measurements, the calculated figures for intracranial 
(vertex) pressures must be considered as only crude estimates of the 


actual pressures. 


Manometric Data on the Cerebrospinal Fluid of Eleven Subjects * 


Horizontal Erect N-V Erect Headache 
Position, Position, Distance, Position, V. P., Volume, 
Subject Mm. Mm. Mm. Mm. Mm. Ce. 
ra 70 500 630 —130 280 19 
G. I 70 $45 600 —155 —240 15 
H.S. 125 490 620 —130 —230 18 
E. W. 45 425 590 —165 —215 10 
W. O. 80 475 670 —195 —330 19 
K. O. 125 680 18 
60 630 —280 15 
L. J. ts 460 590 —130 ee 19 
S. J. i 610 640 — 30 —140 c.18 
J.D. és 510 650 —140 —270 17 
A. M. ea 425 330 —205 —320 24 


* L. P. indicates the initial lumbar pressure; V. P., the estimated initial vertex pressure; 
N-V, the distance between lumbar needle and vertex; headache V. P., the vertex pressure at 
which drainage headache first was noted, and volume, the quantity of cerebrospinal fluid 
lrained before headache was noted. 


C. RESULTS 
1. INDUCTION oF HEADACHE IN EREcT SUBJECTS BY DRAINAGE OF CEREBRO- 
SPINAL FLUID. 

Observations. — With the subject erect, headache was regularly 
induced in 11 subjects by free drainage of approximately 20 cc. of 
cerebrospinal fluid. The calculated vertex pressure, initially between 
— 130 and —205 mm. in all but 1 subject, fell progressively as the 
fluid was removed, and when the drainage headache ‘’ first was noted 
was between — 200 and —290 mm. The data are summarized in the 
table. 

The headache when first induced was described as of the vertex or 
frontal type by all but 1 subject, in whom it was occipital. After fur- 


17. For the sake of brevity the headache experimentally induced in this way 


will be referred to hereafter as “drainage headache.” The headache which some- 
times is a delayed sequela of routine diagnostic lumbar puncture will be termed 


postpuncture headache.” 
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ther drainage the headache not only always increased in severity but 
usually spread to involve most of the head. It was dull and deep and 
was not throbbing. In several subjects it was accompanied by sweat- 
ing, pallor and nausea. Its intensity was sharply increased by shaking 
of the head, either in a rotary or in a backward and forward direction. 

For purposes of analysis, the intensity of the pain was described 
by the subject on an arbitrary scale of 1 to 10 plus. A typical response 
is presented in figure 3. In this instance (subject G.F.) drainage of 
15 cc. of fluid induced a fall of vertex pressure from — 155 to — 240 
mm., slight bifrontal headache being noted at the latter pressure. 


SUBJECT ERECT 


Face} 


DRAINAGE OF C S F 


LUMBAR VERTEX 


+600 OL 
2 
>+400_ -200_ 
-—240 
—240 ~ 
-250 
3 280 
+200_ -400_ 
HEADACHE 
0 5 10 


TIME IN MINUTES 


Fig. 3.—Induction of headache with subject in the erect position by drainage of 
cerebrospinal fluid. The intensity of the headache was described by the subject 
on a scale of 1 to 10 plus. Slight bifrontal headache was first noted after 15 cc. 
of fluid had been removed and became moderately severe after the removal of an 
additional 6 cc. 


In this figure and in figures 4, 6, 8, 11, 12 and 13 the lumbar pressure is 
indicated by a solid black line and the estimated vertex pressure by a broken line. 


Comment.—Most of this group of adults responded in a similar 
way to this test procedure. In general the more negative vertex pres- 
sures obtained when the subject was in the erect position were found 
in the taller persons, i. e., those with the longer needle-vertex distances. 
In most subjects the vertex pressures at which drainage headache was 
first noted were similar. The quantities of fluid removed before head- 
ache occurred were predictable They represented approximately 10 per 
cent of the estimated total volume of cerebrospinal fluid.** 
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2. ELIMINATION OF DRAINAGE HEADACHE BY RESTORATION OF CEREBROSPINAL 
VOLUME. 

Observations.—In 4 subjects in the erect position, after headache 
had been induced by drainage of cerebrospinal fluid, physiologic solu- 
tion of sodium chloride was injected intrathecally by the technic out- 
lined in a previous section. When the pressure was raised to the initial 
level of lumbar pressure or higher, the headache in each case progres- 
sively diminished, being completely eliminated in two to four minutes. 
The lag in reduction of headache was shortened by elevation of the 
pressure to abnormally high levels, as illustrated in figure 4. In the 
subject (G.F.) in the experiment illustrated in this graph drainage was 


DRAINAGE ELEVATK 
PRESSUR 
ABAR VERT 
800 + 2K 
‘ 
i 
i 
H ‘ 
i 
H 
2, +600 _ { 
‘ 
2 
2 4 
z 
2 ‘ ‘ 
x 
a ' 
‘ 
' 
! 
5 5 20 
TIME IN MINUTES 


Fig. 4.—Elimination of drainage headache by intrathecal injection of saline 
solution. Under measured pressure, with the subject erect, physiologic solution 


of sodium chloride was injected through the lumbar needle during the two inter- 
vals shown. 


continued until 25 cc. was released and headache of moderately severe 
degree was present. The introduction of physiologic solution of sodium 
chloride, raising the pressure to the previous normal level of 445 mm. 
(lumbar) and —155 mm. (vertex), eliminated the headache in three 
and a half minutes. On a second trial, elevation of the pressure to a 
high level of 780 mm. (lumbar) and 180 mm. (vertex) eliminated a 
milder headache in one minute. 


Comment.—The short delay in reduction of intensity of the head- 
ache when the pressure was returned to normal probably resulted from 
a lag in transmission of the added fluid to the intracranial cavity. Apart 


f 
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Ge 


from this delay, drainage headache can be varied in intensity in a pre- 
dictable way by the removal or the restoration of cerebrospinal fluid. 

On the basis of the data thus far presented it is convenient to intro- 
auce at this point a hypothesis concerning the mechanism of the head- 
ache associated with removal of cerebrospinal fluid. The brain normally 
exerts traction on the structures which support it within the cranium, 
and this traction may under certain conditions be augmented enough 
to cause pain. The argument supporting this statement is as follows: 

(a) Within the dura mater the brain lies almost entirely sur- 
rounded by cerebrospinal fluid, being thus cushioned against sudden 
movement and protected from excessive sliding contact with the dura. 
It is not, however, supported entirely by the medium in which it is 
immersed, as comparison of the density of the solid and that of the 
liquid will indicate. Data concerning the density of the human brain 
are scanty, but Vierordt?*® cited, from two separate sources, figures 
for the specific gravity as 1.039 and 1.040. The specific gravity of 
cerebrospinal fluid, more readily obtained, is commonly given as 1.007 
to 1.008.*° In observations on a single specimen of material obtained 
eight hours post mortem, with a modification of the Hammerschlag 
technic, we found that the specific gravity of sections of cerebrum and 
cerebellum was 1.041 at room temperature. A sample of spinal fluid 
from another subject had a specific gravity of 1.007. 

The weight of the normal adult brain varies within moderate limits, 
but averages 1,300 Gm.*° It may then be derived that a 1,300 Gm. 
brain with a specific gravity of 1.040 immersed in fluid with specific 
gravity of 1.008 would have a net weight of 41 Gm. The weight of 
the spinal cord, about 30 Gm.,”* with a specific gravity of 1.030,’ is 
relatively so small that it can be disregarded in these considerations. 
In the example cited here the extra 41 Gm. of brain weight must be 
supported within the cranium by something more than the buoyant 
effect of the cerebrospinal fluid. It is probable that this moderate 
weight is shared by suspension from the vault above and by support 
from structures at the base below. Suspension from above is probably 
largely through the cerebral veins tributary to the superior sagittal 
sinus, with a smaller contribution through the cerebellar veins tributary 
to the transverse and the straight sinuses. Supporting the brain from 

18. Vierordt, H.: Anatomische, physiologische und physikalische Daten und 
Tabellen, Jena, Gustav Fischer, 1906, pp. 59 and 449. 

19. Vierordt.18 Merritt and Fremont-Smith.54 

20. Appel, F. W., and Appel, E. M.: Intracranial Variation in the Weight of 
the Human Brain, Human Biol. 14:48, 1942. 

21. Gray, H.: Anatomy of Human Body, ed. 22, Philadelphia, Lea & Febiger, 
1930, p. 749. 
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below, in addition to the floors of the anterior, middle and posterior 
fossae, are the tentorium cerebelli and the large vascular structures at 
the base, chiefly the circle of Willis and its immediate branches. The 
relative contribution of each of these structures to the support of the 
brain is entirely conjectural. The relations of some of these structures 
and the direction of stress when the subject is in the erect position are 
outlined diagrammatically in figure 5 4 and B. 

(b) These various anchoring vascular structures have been shown 
to be sensitive to pain when, on operative exposure, they are stimulated 


—SUPERIOR SAGITTAL SINUS 
AND TRIBUTARIES 


—CIRCLE OF WILLIS 
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AND TRIBUTARY 


Fig. 5.—Pain-sensitive structures sharing in the support of the brain within.the 
cranium of the subject when in the erect position. A, coronal section through 
the head at the middle fossa, showing the venous tributaries to the superior 
sagittal sinus and the circle of Willis. The inferior sagittal sinus is omitted 
because its tributaries are so few. B, coronal section through the posterior third 
of the head, showing the veins tributary to the superior sagittal, straight and 
transverse sinuses. 


by distortion or traction.** Pain arising from structures on or above 
the superior surface of the tentorium cerebelli has been shown to be 

22. (a) Fay, T.: Mechanism of Headache, Arch. Neurol. & Psychiat. 37:471 
(Feb.) 1937. (b) Ray, B. S., and Wolff, H. G.: Experimental Studies on Head- 
ache: Pain-Sensitive Structures of the Head and Their Significance in Headache, 
Arch. Surg. 41:813 (Oct.) 1940. (c) Penfield, W., and McNaughton, F. L.: 
Dural Headache and Innervation of Dura Mater, Arch. Neurol. & Psychiat. 
44:43 (July) 1940. 
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transmitted by the fifth cranial nerve and referred to the anterior half 
of the head. Pain arising from structures on or below the inferior 
surface of the tentorium cerebelli is transmitted chiefly by the ninth 
and tenth cranial nerves and the upper three cervical nerves and is 
referred to the posterior half of the head. Such observations indicate 
that the basic mechanisms of headache involve traction on these major 
intracranial vessels or on the cranial and upper cervical nerves which 
carry pain fibers, as well as dilatation of intracranial arteries or inflam- 
mation about any of these pain-sensitive structures of the head.??? 

An effective demonstration of the sensitivity to pain of the struc- 
tures which anchor the brain is provided by the simple device of vigor- 
ous head shaking. By either rotary or backward and forward shaking 
a monetary, but clearcut, headache can be induced in many normal 
subjects. As was noted previously, the same procedure applied to a 
subject with drainage headache caused a sharp increase in the intensity 
of the pain. 

(c) The mechanical adjustments which take place within the cranio- 
vertebral spaces of the erect human subject when cerebrospinal fluid 
is removed have never fully been analyzed. The problem indeed is 
not readily accessible to direct study. That some adjustments must 
occur cannot be denied, and that they are complex is probable.’* 

One basic fact concerning the adjustment is that the lumbar and 
the intracranial cerebrospinal fluid pressure fall with removal of fluid. 
Since the intracraniospinal venous pressure is probably essentially 
unchanged by drainage of fluid, the intravascular and the extravascular 
pressure are then no longer in balance. Also, since veins are thin 
walled and, within moderate limits, passively adjust to the pressures 
within and about them, it may be inferred that dilatation of veins within 
the cranium and the spinal canal occurs. If the walls of the veins 
offered no resistance to distention, venous dilatation could completely 
compensate for a moderate loss of fluid and the intracranial pressure 
would remain unaltered, but because of their elasticity the compensa- 
tion is incomplete. Accordingly, the intracranial cerebrospinal fluid 
pressure slowly falls when fluid is removed. Arterial size is much less 
dependent on extravascular support than is venous size, and whatever 
dilatation in the arteries may occur is largely active, rather than 
passive.?° 

Evidence that venous dilatation does occur after drainage of cere- 
brospinal fluid has been recorded by Forbes and Nason.** Direct 
observations through cranial windows in cats revealed that after removal 


23. Wolff, H. G.: The Cerebral Circulation, Physiol. Rev. 16:545, 1936. 

24. Forbes, H. S., and Nason, G. I.: The Cerebral Circulation: Vascular 
Responses to (A) Hypertonic Solutions and (B) Withdrawal of Cerebrospinal 
Fluid, Arch. Neurol. & Psychiat. 34:533 (Sept.) 1935. 
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of fluid through the cisterna magna the pial veins and venules dilated 
moderately, whereas the pial arteries did not. In addition, the bulk 
of the brain appeared to increase slightly, for its surface approached 
nearer the window. Confirmation of such venous dilatation and 
increased bulk came with the further observation by these authors that 
after the readjustment had occurred, the fluid removed could not be 
reinjected intrathecally without the pressure’s being raised well above 
its initial level. The latter maneuver has been repeated on human sub- 
jects, with similar results.?° 

(d) Another possible mechanical effect of the removal of cerebro- 
spinal fluid from the subject in the erect position is that such a pro- 
cedure may directly increase the degree of traction by the brain on the 
structures which suspend it from above and support it from beneath. 
There are no data or experimental methods to guide an exploration of 
this possibility. Yet it may be reasoned that the drainage of fluid from 
the lumbar sac and the consequent lowering of the intracranial pres- 
sure need have no direct effect on the support requirements of the 
brain. As fluid is removed and the venous bed dilates in partial com- 
pensation for the loss, the brain itself probably becomes slightly heavier. 
But since at the same time it increases in volume, the change in its 
density is minor, for the additional blood brought to the brain has a 
specific gravity of 1.060.2° Moreover, although the thickness of the 
layer of cerebrospinal fluid enveloping the brain may thus become less, 
the brain must still be virtually completely immersed in the fluid, for 
the brain case remains a closed box except for the distensible vascular 
bed. The increase in the “net” weight of the brain following drainage 
of fluid may thus be so slight as to be insignificant. 

When air is introduced to replace lost cerebrospinal fluid, as in the 
pneumoencephalographic procedure, the situation pictured here is radi- 
cally different. As fluid is progressively replaced by air, the buoyant 
support of the brain is diminished; its “net” weight increases from 
approximately 40 to 1,300 Gm., and traction on anchoring structures 
is augmented to such a degree that intense pain results. ‘The severe 
headache induced during pneumoencephalographic examination may in 
part be explained on this basis.** However, to repeat, no such series 
of circumstances follows simple drainage of cerebrospinal fluid. 

25. Masserman and Schaller.18@ Masserman.?4 

26. Hawk, P. B., and Bergeim, O.: Practical Physiological Chemistry, ed. 10, 
Philadelphia, P. Blakiston’s Son & Co., 1931, p. 374. 

27. Elsberg, C. A., and Southerland, R. W.: Headache Produced by Injection 
of Air for Encephalography, Bull. Neurol. Inst. New York 3:519, 1934. Brewer, 
E. D.: Etiology of Headache, Occurrence and Significance of Headache During 
Ventriculography, ibid. 6:12, 1937. von Storch, T. J. C.; Secunda, L., and 
Krinsky, C. M.: Production and Localization of Headache with Subarachnoid 
and Ventricular Air, Arch. Neurol. & Psychiat. 43:326 (Feb.) 1940. 
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This analysis indicates that the downward sag of the brain prob- 
ably is not strikingly altered by drainage of moderate amounts of cere- 
brospinal fluid. Yet the presumptive increase in brain volume following 
drainage may itself effect increased traction on anchoring structures, 
and in a manner distinct from the downward sag of the brain due to 
gravity. Merely because of the expansion of the brain, the veins which 
course obliquely over the convexities to join the large sinuses may be 
subjected to an augmented tug. Also, painful displacement of the 
vascular structures at the base may similarly result. 

Hence, two potential factors in the production of drainage headache 
have become apparent in the preceding discussion: 1. Granted that 
intracranial venous dilatation follows removal of cerebrospinal fluid, it 
may be inferred that such dilatation may cause pain, at least in those 
veins which in the erect subject are already under constant longitudinal 
traction by the brain mass. In other words, distention of an anchoring 
vein joined with lengthwise pull by the brain may distort the wall of 
the vein to such a degree that headache results. 2. The increase in 
brain volume secondary to extensive venous dilatation may conceivably 
produce such distortion of anchoring structures above and at the base 
that headache is produced. 

In recapitulation, then, it is suggested that a fall in intracranial 
pressure following the removal of cerebrospinal fluid in the erect human 
subject leads both to intracranial venous dilatation and to an increase 
in the usually mild and painless traction by the brain on its anchoring 
structures. With regard to the veins over the top of the cerebrum and 
cerebellum anchoring these to the superior sagittal, straight and trans- 
verse sinuses, the two factors may act in combination. Drainage head- 
ache may thus be considered to be traction headache, with traction on 
dilated veins of primary importance. 

It is to be noted that the absolute level of intracranial pressure is 
not an essential consideration in such a hypothesis. Although the 
experiments thus far described with the subject in the erect position 
appear to indicate a rigidly direct relation of drainage headache to 
lowered intracranial pressure, changes in position of the subject on 
the tilt table and the application of jugular compression demonstrated 
effects which qualified this relationship. The results, as reported in 
the following sections, support the concept of a traction mechanism of 
drainage headache previously outlined. It is evident that if the subject 
it tilted after drainage headache has been induced, the vertex pressure 
can be raised to the “normal” for the subject in the erect position. 
At the same time, (1) the intracranial venous pressure can be raised 
and the balance between the intravascular and the extravascular pres- 
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sure varied, and (2) such traction by the brain as may exist under the 
influence of gravity can be altered both in direction and in degree. In 
this way the two factors in our thesis, venous dilatation and traction 
by the brain, can be dissociated from lowered. intracranial pressure 
per se. The analyses follow later. 


3. Lack or DEPENDENCE OF DRAINAGE HEADACHE ON LOWERED INTRACRANIAL 
PRESSURE. 

Observations.—If the subject was tilted from the erect position, 
drainage headache could be induced at a vertex pressure less negative 
than that which occurred normally when the subject was erect and free 
from headache. As shown in figure 6, when the subject (E.W.) was 


erect, the calculated vertex pressure was — 165 mm. With drainage, 
90° ° 
+600- 
% = 
= 
z 
2 
+200 _ 400 - 
a 
a 
° -600- 
1°) 2 a 34 % 38 40 42 


TIME IN MINUTES 


Fig. 6.—Drainage headache induced in subject in the tilted position at a vertex 
pressure less negative than that which was normal when the subject was erect 
and free from headache. The graph demonstrates that drainage headache is inde- 
pendent of the absolute level of vertex pressure. There was no headache at a 
vertex pressure of —165 mm. when the subject was erect at the onset of the 
experiment. When the patient was tilted at an angle of 15 degrees to the hori- 
zontal (thirty-eight minutes later) headache was induced by drainage at a vertex 
pressure of —113 mm. 


bifrontal headache began at a vertex pressure of —215 mm. After 
further drainage, tilting to an angle of 15 degrees to the horizontal 
eliminated the headache. Then the further removal of 10 cc. of fluid 
induced headache again, this time at a vertex pressure of only —113 
mm. In 2 other subjects (M.H. and H.S.) similar results were 
obtained. 

Comment.—In the experiment cited, the subject was symptom free 
when erect, with a normal vertex pressure of —165 mm. Yet after 
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fluid was removed and the patient tilted to an angle of 15 degrees to 
the horizontal, headache occurred with a vertex pressure somewhat 
higher, 1. e., —113 mm. The estimated intracranial venous pressure 
with the patient at this angle of tilt was approximately zero. It may 
be inferred, therefore, that the intracranial veins dilated to such a 
degree that even though the downward traction sag of the brain was 
partly relieved by the tilting, the distortion of the anchoring veins was 
sufficient to produce pain. The degree of headache bore no direct rela- 
tion to the absolute level of intracranial pressure. The postulated rela- 
tions between headache and intracranial mechanics in this subject are 
illustrated in simplified form in figure 7. The diagrams emphasize the 
effect which removal of cerebrospinal fluid probably has in altering the 
normal balance between the pressure inside and that outside the intra- 
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Fig. 7—Diagram of venous dilatation as part of mechanism of drainage head- 
ache, with reference to the results of the experiment shown in figure 6. Distention 
of the pain-sensitive veins tributary to the superior sagittal sinus (or straight or 
transverse sinuses) follows drainage of fluid. This augments the traction on these 
veins by the brain, which they partly support, and leads to headache. For the 
purpose of simplification, the effect of an increase in brain bulk as a_ second 
factor in increasing the traction is omitted from consideration here. 


cranial veins. ‘To aid in the clarity of the diagrams, increase in brain 
bulk secondary to drainage, a second factor in augmenting traction on 
anchoring structures, is omitted from consideration. 

In another experiment, the relative lack of dependence of drainage 
headache on intracranial pressure was shown in a different way. When 
the patient was tilted, drainage headache was almost eliminated at a 
vertex pressure even more negative than that at which moderate headache 
had been present when the subject was erect. 
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Observation.—As shown in figure 8, after drainage when the subject 
(H. S.) was erect, headache began at a vertex pressure of — 230 mm. 
Later, after more fluid was removed and the subject was tilted to an 
angle of 40 degrees to the horizontal, the vertex pressure was —235 mm. 
and shortly thereafter —248 mm.; yet the headache was almost 
eliminated. 


Comment.—It may be assumed that as this subject was tilted the 
diminution of downward traction by the brain thus effected was suffi- 
cient to reduce the pain stimulus. Even though the intracranial veins 
undoubtedly remained dilated, the sag on them in this instance became 
so slight that the headache was reduced in intensity. 
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Fig. 8.—Drainage headache reduced in intensity at a vertex pressure more nega- 
tive than that at which moderate headache had been present when subject was 
erect. In contrast to the experiment illustrated in figure 6, in which drainage 
headache was induced even though the vertex pressure was higher than normal 
here, by tilting the subject, drainage headache was decreased in intensity in spite 
of a fall in vertex pressure subsequent to further drainage. This result, again, 
demonstrates that headache of this type is independent of the absolute level of 


vertex pressure. 


4. Prompr RESPONSE OF DRAINAGE HEADACHE TO SMALL CHANGES IN ANGLE 


OF TILT AND INTRACRANIAL PRESSURE. 

Observations.—In 4 subjects it was found that the intensity of the 
drainage headache changed relatively rapidly in response to small changes 
in angle of tilt and in pressure. In the instance in which this was most 
clearly evident, headache induced by drainage while the subject (H. S.) 
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was erect was rapidly reduced by tilting him to an angle of 40 degrees, 
whereas it recurred when the angle of tilt was 45 degrees, the corre- 
sponding vertex pressures being —235 and —270 mm. With repeated 
shifts between these two positions the headache came and went in pre- 
dictable sequence, the time lag being less than thirty seconds. 

Comment.—These results are consistent with a mechanical origin of 
drainage headache. In the experiment cited it is probable that the 
direction and degree of traction by the brain, and perhaps also the degree 
of distention of anchoring veins, rested at a “critical” level. Under these 
conditions headache could be made to come or go with slight alterations 
in traction. 

5. INCREASE IN INTENSITY OF DRAINAGE HEADACHE DuRING JUGULAR Com- 

PRESSION. 

Observations.—In a total of 5 trials on 4 subjects (H. S., S. J., A. 
M. and J. D.) drainage headache was moderately increased in intensity 
during bilateral jugular compression for ten to fifteen seconds. In each 
trial the cerebrospinal fluid pressure rose between 22 and 110 mm. The 
headache, frontal in type, was increased moderately without change in 
location. 

In 1 subject (K. O.) jugular compression for ten seconds caused 
bifrontal and occipital drainage headache of moderate degree to be 
eliminated completely for one and a half minutes. During the com- 
pression the vertex pressure rose 130 mm. to reach —250 mm. A sixth 
subject (W. O.) noted no change in headache during or after jugular 
compression for twenty-five seconds, with a 160 mm. rise in vertex 
pressure to reach —160 mm. 

Comment.—That intracranial veins are distended by jugular com- 
pression is well known and is the basis of the Queckenstedt test. The 
increase in drainage headache usually accompanying this procedure 
undoubtedly represents the effect of additional distortion of pain- 
sensitive anchoring veins, which are already dilated and under traction 
by the brain. The arteries are not affected by jugular compression, sinc: 
the increase in intracranial venous pressure is not transmitted back to 
the arterial tree. Moreover, it will be recalled that jugular compression 
actually reduces the intensity of the headache induced by arterial dilata- 
tion after intravenous injection of histamine.?* 

28. (a) Pickering, G. W.: Experimental Observations on Headache, Brit. 
M. J. 1:907, 1939. (hb) Clark, D.: Hough, H., and Wolff, H. G.: Experimental 
Studies on Headache: Observations on Histamine Headache, A. Research Nerv 
& Ment. Dis., Proc. (1934) 15:417, 1935 
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It is of additional interest that the increase in drainage headache 
induced by jugular compression occurred in spite of a rise in estimated 
intracranial pressure to the normal range. This is further evidence that 
intracranial pressure per se has little to do with drainage headache. 


6. REDUCTION IN INTENSITY OF DRAINAGE HEADACHE BY FLEXION OR ExtTen- 
SION OF HEAD. 

Observations.—In 3 subjects with drainage headache in the erect 
position, the effect of acute flexion or overextension of the head was 
noted. Flexion of the head (brow down) or extension (brow up) was 
carried to such a point that the plane of the occiput, normally vertical, 
became horizontal. In 2 of the subjects the maneuver completely elim- 
inated the headache during the one minute period of flexion or extension 
of the head; in the third subject the intensity of the headache was con- 
siderably reduced. When the head was flexed or overextended, the 
lumbar pressure rose 15 to 80 mm. In addition to this increment, the 
vertex pressure was increased even more because flexion or overexten- 
sion of the head shortened the vertical distance between lumbar needle 
and vertex. In 1 subject, for example, flexion of the head caused the 
lumbar pressure to increase from 325 to 370 mm. and the estimated 
vertex pressure to rise from —345 to —140 mm., while the headache was 
almost completely eliminated. 


Comment.—These observations, similar to data obtained by 
McNaughton on patients with postpuncture headache,?? permit no addi- 
tional inferences concerning the mechanism of drainage headache. Since 
a significant rise in intracranial pressure inevitably accompanied the 
changes in position of the head, it cannot be inferred that the relief of 
headache represented solely a change in the direction and degree of the 
sag of the brain on its supports. 


7. AFFERENT PATHWAYS FOR DRAINAGE HEADACHE IN A SUBJECT WITH 
Previous SECTION OF THE LEFT TRIGEMINAL, GLOSSOPHARYNGEAL AND 
Upper Four CervicAL NERVES. 

Observation.—In addition to the data obtained on the 11 normal 
subjects, opportunity presented itself to study drainage headache in an 
adult female (G. C.) who had previously had section of the roots of 
the fifth and ninth cranial nerves and the upper four cervical nerves, all 
on the left side, for anomalous “neuralgic” head pains. As a result of 
the operative procedures she had analgesia over the entire surface of 
the left side of the head, buccal cavity and nasopharynx except for a 
small area of the concha of the ear and on the posterior wall of the bony 


29. McNaughton, F. L.: Personal communication to the authors. 
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portion of the external auditory canal. At the time of the experiment 
she was experiencing a headache of moderate intensity in the right 
frontotemporal, the vertex and the bioccipital region, which had been 
present almost constantly for the previous nine months. Removal of 
cerebrospinal fluid with the subject erect led to increase in her headache, 
but there was no headache in the left frontal region of the head (fig. 9). 


Comment.—As is usually true of histamine headache in subjects 
with section of the trigeminal root,*° drainage headache spared that area 
of the head which has been shown to depend largely or entirely on the 
fifth cranial nerve for its sensory innervation. The head pain in the 
left posterior region in this subject was probably mediated via the left 
tenth cranial nerve, which, with the ninth cranial and the upper cervical 
nerves, shares in pain referred to this area. 

This experiment indicates that the fifth cranial nerve on each side 
is the principal afferent pathway for that part of the pain of drainage 
headache located over the front half of the head. 


Fig. 9—Drainage headache in a subject with previous section of the roots of the 
fifth and ninth cranial and the upper four cervical nerves, all on the left side. 
Areas of drainage headache are indicated by circles and correspond to the distri- 
bution of a milder spontaneous headache. Areas of analgesia are indicated by 
oblique hatching. 


D. FORMULATION 


In the foregoing paragraphs it has been shown that there is no 
direct dependence of drainage headache on intracranial pressure. The 
headache can be produced by drainage of cerebrospinal fluid and elimin- 
ated by its restoration. It is postulated that such headache represents 


traction by the sagging brain on pain-sensitive anchoring structures. 

30. Schumacher, G. A.; Ray, B. S., and Wolff, H. G.: Experimental Studies 
on Headache: Further Analysis of Histamine Headache and Its Pain Pathways, 
Arch. Neurol. & Psychiat. 44:701 (Oct.) 1940. Pickering, G. W., and Hess, W.: 
Observations on Mechanisms of Headache Produced by Histamine, Clin. Sc. 1:77, 
1933. Northfield.4 
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Dilatation of anchoring veins and an increase in volume of the brain 
secondary to loss of cerebrospinal fluid are held to be important factors 
in augmenting the degree of traction. The association of these several 
factors in the mechanism of drainage headache is outlined in figure 10, 
The development of the argument has shown that data obtained by shifts 
in the angle of tilt and by jugular compression are consistent with this 
hypothesis. 


E. CONSIDERATION OF OTHER SUGGESTED MECHANISMS 
Other explanations of drainage headache merit analysis. Arterial 
dilatation, mentioned briefly by Pickering,*** is an unlikely cause, 
Because of the relatively thick walls, the size of arteries is probably little 
affected by a reduction in extravascular support. Not only is evidence 
lacking that arterial dilatation accompanies removal of cerebrospinal 
fluid, but the independence of the headache of the absolute level of intra- 
cranial pressure and the prompt response of the headache to tilting or 
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Fig. 10.—Schematic outline of the mechanism of drainage headache. The rele- 
vance of this diagram to the consideration of postpuncture headache is discussed in 
part II. 


to jugular compression are inconsistent with this theory. However, 
it is evident that of all the intracranial arteries, only those of the circle 
of Willis appear to share in the support of the brain. Displacement of 
these large vessels may well contribute to drainage headache, but with- 
out further evidence their dilatation need not be assumed. 

MacRobert *) has suggested that with the loss of fluid the brain may 
sag on the clivus and compress the basilar venous plexus, this displace- 
ment raising the intracranial venous pressure and the intracranial pres- 
sure. In spite of its stress on the possibility of venous distention, this 
theory is invalidated by the lack of evidence that a block in the basilar 
plexus can lead to the chain of events pictured. The basilar veins repre- 
sent a relatively minor part of the intracranial outflow. It is improbable 
that their compression would significantly alter intracranial dynamics. 
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A third possibility is that drainage of fluid may lead to a difference 
in pressure between the inside and the outside of the third and lateral 
ventricles. In this event, particularly if the intraventricular pressure 
should materially exceed that without, traction on the vessels over the 
convexity of the brain and at the base may occur and a headache 
analogous to that of internal hydrocephalus be produced.*! That such 
a pressure differential can play a part in drainage headache, except in 
transient and mild form, seems unlikely, for, as the technic of pneumo- 
encephalography has demonstrated, the passage of fluids from the intra- 
ventricular to the extraventricular spaces is normally freely and rapidly 
achieved. 


Il. HEADACHE FOLLOWING LUMBAR PUNCTURE 

The headache experimentally induced by drainage of cerebrospinal 
fluid has its clinical analogue in the headache which so frequently follows 
diagnostic lumbar puncture. The evidence for this linkage is of two 
types: First, the reports of many observers indicate that postpuncture 
headache is associated with loss of cerebrospinal fluid, and, second, 
studies now to be reported demonstrate the similiarity of the responses 
of drainage and of postpuncture headache to certain experimental pro- 
cedures. 

Postpuncture headache may be defined as the headache, mild or 
severe, which may appear a few hours to several days after lumbar punc- 
ture, lasting a variable period of days or, rarely, weeks. It is a sequel 
to lumbar puncture in approximately 1 out of every 4 patients.** The 
pain is a dull, deep ache and may be throbbing. It is usually bifrontal 
and often also suboccipital. In the latter position it may be associated 
with moderate stiffness of the neck. Most characteristic are its occur- 
rence when the subject is erect and its virtual elimination when he is 
horizontal. Shaking the head makes it more intense. It is usually 
resistant to all treatment except rest in bed in the horizontal position 
and the passage of time. Because of the frequency of its occurrence, 
the occasional severity of the discomfort and the duration of the disability, 
headache of this type has been of clinical interest ever since the technic 
of lumbar puncture was introduced. 


31. Kunkle, E. C.; Ray, B. S., and Wolff, H. G.: Studies on Headache: 
The Mechanisms and Significance of Headache Associated with Brain Tumor, 
Bull. New York Acad. Med. 18:400, 1942. Ray and Wolff.22> 

32. Davenport, K. M.: Post-Puncture Reactions, New York State J. Med. 
$9:1185, 1939. Kulchar, G. V., and King, A. D.: Use of Sodium Amytal in 
Prevention of Reactions Associated with Lumbar Puncture, Arch. Neurol. & 
Psychiat. 30:170 (July) 1933. Nelson.3> Perkel.3m 
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A. RESUME OF: THE LITERATURE 


Although theories concerning postpuncture headache have been clearly con- 
tradictory, the weight of the evidence supports the view that it is usually related 
to a loss of cerebrospinal fluid secondary to leakage through the dural hole. The 
accumulated data may be summarized as follows: 


(a) Postpuncture headache is accompanied by lowered cerebrospinal fluid pres- 
sure. Without citing actual data, several observers °% have reported that in 
patients with postpuncture headache on whom a second puncture was done 
the lumbar pressure had fallen from its initial level. The studies of post- 
puncture headache by Nelson and Jacobeus and Frumerie present pressure data 
in detail.4 In each of several patients with postpuncture headache the pres- 
sure observed on a second tap was low. One of the group reported on by 
Jacobeus and Frumerie, a patient with severe headache, stiff neck, pallor and 
bradycardia, had a lumbar pressure of zero. Injection of 90 cc. of physiologic 
solution of sodium chloride raised the lumbar pressure to 250 mm. and caused 
immediate clinical improvement, which was maintained by elevation of the foot 
of the bed. Similar results were obtained with a second patient. 

Manometric studies on a group of 16 patients with postpuncture headache were 
made by Pacifico.34 The interpretation of the results is complicated by the fact 
that at least 3 of the patients had very high pressures on the initial tap, and 8 of 
the remaining 13 patients had an unexplained elevation to 210 mm. or above (in 
the horizontal position). In all but 2 of the group a second puncture twenty-four 
to ninety-six hours later, and after headache had begun, demonstrated that the 
pressure, measured in both the erect and the horizonal position, had fallen from 
the initial levels. 

(b) The dural hole at the site of lumbar puncture may persist for several days 
after the procedure. At laminectomy Mixter noted the presence of a dural hole 
six days after lumbar puncture, and Castro Silva confirmed this in observations 
made eight to fifteen days after puncture.®® 

(c) Leakage of cerebrospinal fluid through the dural hole into the epidural 
space may occur. Such leakage, first suggested by Sicard as a factor in post- 
puncture headache, was observed by Pool 8* in myeloscopic studies performed two 
to four days after lumbar puncture, as well as by Ingvar 8° in the dissection of 
cadavers. The latter noted in 1 patient the presence of subcutaneous fluid following 
lumbar puncture. Moreover, in histologic studies of the repair reaction following 
dural puncture, he observed that the plug which forms over the hole appears 
fragile and insecurely fixed. 

33. Solomon, H. C.: Effect on Human Cerebrospinal Fluid Pressure of 
Extraction and Injection of Fluid, A. Research Nerv. & Ment. Dis., Proc. 
(1927) 8:82, 1929. Targowla and Lamache.2¢ Merritt and Fremont-Smith.%# 
McNaughton.29 

34. Nelson.3> Jacobeus and Frumerie.®¢ 

35. (a) Mixter, W. J., in discussion on Fremont-Smith, F.; Merritt, H. H,, 
and Lennox, W. G.: Relationship Between Water Balance, Spinal Fluid Pressure 
and Epileptic Convulsions, Arch. Neurol, & Psychiat. 28:956 (Oct.) 1932. (b) 
Castro Silva, cited by Koster, H., and Weintrob, M.: Complications of Spinal 
Anesthesia, Am. J. Surg. 8:1165, 1930. 

36. Pool, J. L.: Myeloscopy, Surgery 11:169, 1942. 
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(d) Measures which diminish the likelihood of leakage have been claimed to 
be effective in reducing the frequency and severity of postpuncture headache. 
Cisternal rather than lumbar tap, the use of a small needle, the insertion of catgut 
in the dural hole and the introduction of air into the epidural space to eliminate 
the hypothetic epidural negative pressure have all been said to be useful devices 
in the control of postpuncture headache.87 None of these technics, however, is 
entirely effective. The value of the use of catgut has been shown to be slight.8% 

(e) Temporary decrease in the intensity of postpuncture headache may result 
from procedures which increase the volume of cerebrospinal fluid. The intra- 
venous administration of hypotonic solutions (of sodium chloride or distilled water) 
has been found by several observers to diminish postpuncture headache.?9 Con- 
versely, it lias been reported that a hypertonic solution of dextrose given intra- 
venously augments the headache.!¢ 

The argument that increased cerebrospinal fluid pressure is usually related to 
postpuncture headache is not well founded. The relevant observations are few, 
and the inferences are of dubious validity.4° As will be discussed later, however, 
the probability exists that in a few patients with postpuncture headache an unusual 
headache mechanism may be involved, accompanied by but not dependent on 
elevated pressure. 


B. OBSERVATIONS ON POSTPUNCTURE HEADACHE 

Various studies to be described under appropriate sections were made 
one to five days after lumbar tap on 9 patients with typical postpuncture 
headache. In 1 additional subject unusual opportunity was afforded for 
special observations, which will be reported separately later in this 
paper. All the subjects were between the ages of 19 and 40 years and 
were considered to be accurate witnesses. Six were males and 4 were 
females. 


1. PostPUNCTURE HEADACHE ELIMINATED BY RESTORATION OF CEREBROSPINAL 
FLuip VOLUME. 

Observations—Manometric studies on a young woman were made 
during a typical postpuncture headache. After a routine lumbar punc- 
ture bifrontotemporal headache had developed, which recurred when- 
ever she sat erect. The headache was augmented during brief bilateral 
jugular compression. Five days later, when the headache had begun to 
abate, the lumbar puncture was repeated with the patient on the tilt table. 
As shown in figure 11, the initial pressure (with the patient horizontal) 


37. Nelson.3> Kulchar.3f Greene. Heldt and Mohoney.3 

38. Heldt, T. J., and Whitehead, L. S.: Clinical Studies in Post-Lumbar Punc- 
ture Headache, Am. J. Psychiat. 93:639, 1936. 

39. Solomon.8* Alpers.8! Perkel.3m 

40. Labat, G.: Regional Anesthesia, ed. 2, Philadelphia, W. B. Saunders Com- 
pany, 1928, p. 505. Masserman (footnotes 1b and 2a). Balduzzi.2> Targowla 
and Lamache.2¢ Kennedy Pacifico.84 Mixter.358 
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was 110 mm., which was slightly lower than the pressure at the time of 
the first tap. When she was turned to the erect position the lumbar 
pressure rose to 425 mm., slight bifrontotemporal headache beginning 
almost at once. The estimated vertex pressure at this point was —245 
mm., well below the normal range; it slowly fell during the following 
six minutes to reach —290 mm., while the headache became moderately 
severe and nausea, sweating, giddiness and weakness were noted. The 
intrathecal injection of saline solution under a high lumbar pressure of 
800 mm. and a vertex pressure of 130 mm. caused the headache and 
its associated symptoms to be completely eliminated within two minutes, 
The headache and other symptoms then recurred when the lumbar pres- 
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Fig. 11.—Elimination of postpuncture headache by the intrathecal injection of 
physiologic solution of sodium chloride with subject erect. The experiment was 
performed five days after the initial lumbar puncture. The response was similar 
to that noted in the study of drainage headache (fig. 4). 


sure was lowered to 350 mm., with a vertex pressure of —320 mm., and 

were eliminated again in five and a quarter minutes when saline solution 

was injected and the vertex pressure was raised to a normal level of 
170 mm. 

Comment.—These results, which parallel the experience of Picker- 
ing *&* and Jacobeus and Frumerie,** demonstrate that postpuncture head- 
ache, like drainage headache, is reduced by restoration of cerebrospinal 
fluid volume and that in the erect subject the headache bears a relation- 
ship to vertex pressure equally as predictable. Although the lumbar 
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pressure when the patient was in the horizontal position was only slightly 
lower than at the time of the first puncture, the pressure was abnormally 
low when she was turned to the erect position. The reason for the slow 
fall in pressure during the experiment is not known. It may have 
resulted from further leakage through the first dural hole. 

The direct association of nausea, sweating, giddiness and weakness 
with the headache suggests that these were manifestations of a response 
to severe pain rather than merely evidences of anxiety regarding the 
experimental procedures. 


2. PosTPUNCTURE HEADACHE INCREASED BY COMPRESSION OF JUGULAR VEINS. 

Observations.—Both jugular veins were firmly compressed manually 
for ten to fifteen seconds in each of 7 patients with slight to moderate 
postpuncture headache. The pain was in the bifrontal region in 4 
patients, in the bifrontosuboccipital area in 2 patients and in the vertex 
in 1 patient. In each patient the intensity of the headache was moder- 
ately increased during the period of compression. In 2 other subjects 
jugular compression was carried out a few hours after postpuncture 
headache had apparently subsided, so that they were able to sit erect at 
least for short periods without discomfort. In these subjects moderate 
bifrontal headache was induced by the compression. The headache 
promptly ended when the pressure was released. 

Comment.—As in the observations of Pickering *** and McNaugh- 
ton,?® the response of postpuncture headache to jugular compression 
seems definite and predictable. Because a second lumbar puncture could 
not be done on all these patients, it was not possible to demonstrate that 
the increase in headache produced by jugular pressure occurred in spite 
of an associated rise in cerebrospinal fluid pressure. In the single experi- 
ment described in the foregoing section and in figure 13, however, 
manometric studies were possible during jugular compression. As has 
been shown, repetition of jugular compression caused a definite increase 
in the headache, even though the estimated vertex pressure rose from 
— 200 to— 100 mm. Similar pressure responses undoubtedly occurred 
in the entire group. 


3. PostPUNCTURE HEADACHE DIMINISHED IN INTENSITY BY FLEXION AND 
EXTENSION OF THE HEAD. 


Observation.—In repetition of studies made by McNaughton,*! sharp 
flexion or extension of the head of the. single subject on whom this 


41. McNaughton, F. L., in discussion on Kunkle, E. C.; Ray, B. S., and Wolff, 
H. G.: Studies on Headache: An Analysis of Headache Associated with Changes 
in Intracranial Pressure, Tr. Am. Neurol. A. 67:165, 1941: footnote 29. 
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maneuver was performed moderately reduced the intensity of postpune- 
ture headache. 


Comment.—As was true in the studies on drainage headache, the 
diminution in the headache here achieved may have been due either to a 
rise in intracranial pressure or to a change in the direction and degree 
of the sag of the brain on anchoring structures or to both. At least this 
much may be inferred: Drainage and postpuncture headache respond 
similarly to this maneuver. 

An attempt to increase intracranial pressure by another technic, the 
inhalation of amyl nitrite, produced results which are difficult to interpret. 
In 1 subject, however, postpuncture headache was completely eliminated 
for four minutes, beginning two and a half minutes after inhalation of 
amyl nitrite. The relief suggested that dilatation of intracranial arteries 
is not the basis of postpuncture headache. 


GENERAL COMMENT 

Without exception, the various procedures adopted in the analysis 
of postpuncture headache have emphasized its similarity to the head- 
ache induced by drainage of cerebrospinal fluid. The two types of 
headache share the following features: (1) association with decreased 
intracranial pressure; (2) complete elimination by elevation of the 
intracranial pressure to normal when the subject is erect; (3) reduc- 
tion in intensity by change in the subject’s position from erect to 
horizontal or by tilting of the head and (4) increase in intensity by 
bilateral jugular compression. Accordingly, the headache mechanism 
outlined in figure 10 may apply both to drainage and to postpuncture 
headache. 

Unlike drainage headache, postpuncture headache may not have its 
onset until a few hours or days after the lumbar tap. The drainage 
of the small volume, 5 to 15 cc., of fluid ordinarily removed for diagnostic 
tests is usually insufficient to cause an immediate headache. The delayed 
headache presumably is due to the continued slow loss of cerebrospinal 
fluid after the initial removal of fluid. This type of headache may prop- 
erly be termed “leakage” headache. Reflex inhibition of choroidal secre- 
tion following penetration of the dura has been suggested as the cause 
of the decreased volume and pressure of cerebrospinal fluid accompanying 
postpuncture headache,** but this hypothesis lacks both experimental and 
clinical support. 

It is relevant to note at this point that closure of the dural-arachnoid 
puncture hole may be aided by inflammatory changes in the meninges 
and an increase in the cell and the protein content of the spinal fluid 
such as may be associated with disease of the central nervous system. 
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This may explain the fact noted by several authors, notably Perkel,’™ 
that in patients with a pathologic fluid headache is less likely to develop 
after lumbar puncture than in those with a normal fluid. On the other 
hand, the difference between the two groups, may reflect only that patients 
with normal fluids, as a group being less “ill,” may attempt to resume 
activity sooner after the puncture. 


C. ARTERIAL DILATATION ASSOCIATED WITH POSTPUNCTURE 
HEADACHE 

Indirect evidence that arterial dilatation may be concerned in post- 
puncture headache is suggested by the reports ** that the injection of 
ergotamine tartrate may eliminate the headache.** The experimental 
evidence against arterial dilatation as a major factor in drainage headache 
has been summarized in part I. The same argument applies to post- 
puncture headache. It appears that dilatation of pial arteries is not 
responsible for postpuncture headache because such headache is made 
worse rather than better by firm jugular compression and its accompany- 
ing rise in intracranial pressure (in contrast to the response of head- 
ache induced by histamine).** Moreover, the pial arteries respond 
poorly to the vasoconstrictor action of ergotamine.*® On the other hand, 


ergotamine causes definite constriction of the arteries of the dura and 


42. (a) Guttman, S. A.: Personal communication to the authors. (b) Targowla 
and Lamache.2¢ 

43. The effect of ergotamine tartrate on intracranial veins may be small, for 
the walls of these are thin and have few muscular layers (Wolff, H. G.: 
A. Research Nerv. & Ment. Dis., Proc. [1937] 18:29, 1939). Yet constriction of 
retinal and temporal veins following the intravenous injection of ergotamine 
tartrate has been observed in man (Graham, J. R., and Wolff, H. G.: A. Research 
Nerv. & Ment. Dis., Proc. [1937] 18:638, 1939). Moreover, it may be noted that 
in Guttman’s experience the doses of ergotamine usually required to alleviate post- 
puncture headache were larger than those found adequate in the treatment of 
migraine headache and that repetition of the drug was often required (Gutt- 
man.422). The favorable influence of ergotamine tartrate on postpuncture head- 
ache may, therefore, be due to slight constriction in the large anchoring veins 
over the convexities of the brain. No evidence bearing directly on this problem 
is available. The rise in jugular and in cerebrospinal fluid pressure induced by 
intravenous injection of ergotamine tartrate is so slight that it may be waived 
(Pool, J. L.; von Storch, T. J. C., and Lennox, W. G.: Effect of Ergotamine 
Tartrate on Pressure of Cerebrospinal Fluid and Blood During Migraine Head- 
ache, Arch. Int. Med. 57:32 [Jan.] 1936). 

44. Pickering.288 Clark, Hough and Wolff.28> 

45. Pool, J. L., and Nason, G. I.: Cerebral Circulation: The Comparative 
Effect of Erzotamine Tartrate on the Arteries in the Pia, Dura and Skin of Cats, 
Arch. Neurol. & Psychiat. 33:276 (Feb.) 1935. 
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scalp (chiefly the middle meningeal, temporal and occipital arteries) ; 
the influence of the drug on the large basal arteries of the circle of 
Willis remains in doubt.*® Dilatation of these arteries, whatever the 
obscure cause may be, cannot be rejected as a factor in postpuncture 
headache, but their role seems to be at most only accessory. 


POSTPUNCTURE HEADACHE OCCASIONALLY DUE TO 
“MENINGITIS” 


The “usual,” or “typical,” variety of postpuncture headache has 
been the topic of major concern in this discussion. It must be recog- 
nized, however, that in a few instances of postpuncture reaction a 
syndrome is presented in which factors other than mere loss of cerebro- 
spinal fluid must be involved. In these uncommon cases ‘* the headache 
may have its onset several hours after the tap, while the patient remains 
horizontal. The headache is unusually severe and often generalized; 
stiffness of the neck is prominent, and moderate fever is present. A sec- 
ond puncture on such patients has shown the evidences of sterile “menin- 
gitis,” with low, normal or slightly elevated pressure and _ pleocytosis, 
either polymorphonuclear or lymphocytic. Recovery in the reported 
cases was uneventful. 

An example of this alarming variant of the reactions to lumbar punc- 
ture was observed recently at the New York Hospital. 

A 41 year old man had had symptoms of widespread disease of the spinal cord 
for two years, which was diagnosed as “myelitis” of unknown origin. He carried 
a small amount of iodized poppyseed oil in the lumbar sac as the residuum of 
studies performed elsewhere eight months before. Our initial diagnostic lumbar 
tap, with the patient in the horizontal position, showed a pressure of 70 mm.; the 
lymphocyte count was 12 per cubic millimeter, and the protein measured 75 mg. 
per hundred cubic centimeters. Within six hours of the tap there developed 
severe fronto-occipital headache, unaffected by position but accentuated by any 
motion of the head; his neck became stiff, and his temperature rose to 39 C. 
(102.2 F.). A second puncture, performed forty-eight hours later, showed a 


46. Graham, J. R., and Wolff, H. G.: Mechanism of Migraine Headache and 
Action of Ergotamine Tartrate, A. Research Nerv. & Ment. Dis., Proc. (1937) 
18:638, 1939. 

47. Mouzon, J.: De quelques procédés préventifs destinés a eviter les incon- 
vénients de la ponction lombaire, Presse méd. 35:997, 1927. Hurxthal, L. M.: 
Sterile Meningitis Following Lumbar Puncture, J. A. M. A. 100:1489 (May 13) 
1933. Ashworth, H. D.: Nervous Sequelae of Spinal Anesthesia, Proc. Roy. 
Soc. Med. 26:501, 1933. Spiller, W. G., and Payne, F. L.: Meningitic Symp- 
toms Rapidly Following Lumbar Puncture and Rapidly Disappearing, J. A. M. A. 
82:106 (Jan. 12) 1924. Reynolds, K. E., and Wilson, G.: Aseptic Meningitis 
Following Lumbar Puncture, ibid. 102:1460 (May 5) 1934. Targowla and 
Lamache.2° Koster and Weintrob.85» 
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{umbar pressure of 170 mm., a count of 800 lymphocytes and 530 erythrocytes per 
cubic millimeter and a protein content of 400 mg. per hundred cubic centimeters. 
The fluid was faintly cloudy and colorless and was sterile when cultured. The 
reaction subsided in five days. 


Comment.—The origin of this meningitic type of postpuncture reac- 
tion is obscure. Animal experiments suggest that, like the usual form 
of reaction, it may result from a leakage of fluid, for Kasahara ** showed 
that the aspiration of relatively large amounts of cerebrospinal fluid 
from rabbits regularly causes pleocytosis. In human subjects Masser- 
man ** reported a similar reaction. Whatever the cause of the aseptic 
“meningitis’’ may be, it is apparent that the immediate mechanism of 
the headache is much like that of the headache associated with pyogenic 
meningitis or subarachnoid hemorrhage, i. e., inflammation of the various 
pain-sensitive structures within the cranium.**” 


E. FORMULATION 


The usual form of postpuncture headache is an example of headache 
resulting from mechanical traction. It is due mainly to dilatation of and 
traction on pain-sensitive vascular structures. The essential factor in 
the mechanism is leakage of cerebrospinal fluid through the dural hole 
left by the needle. 

Infrequently, postpuncture headache may be caused by sterile “menin- 
gitis,’ and in this event, also, it may be due primarily to leakage of fluid. 

The commonly prescribed routine of rest following lumbar puncture 
thus has a rational basis, although its value has recently been ques- 
tioned*® There can be little dispute that the use of as small a needle as 
is consistent with the information sought and the avoidance of multiple 
insertions are important factors in the prevention of prolonged leakage. 


Il. HEADACHE ASSOCIATED WITH INCREASED 
INTRACRANIAL PRESSURE 

Experimental and clinical evidence indicates that when headache is 

associated with increased intracranial pressure the headache is not 


caused by the increase in pressure. 


A. INDUCED ELEVATION OF INTRACRANIAL PRESSURE 
AND HEADACHE 


Observations —In 4 normal human subjects in the erect position, 
the intrathecal injection of a sterile physiologic solution of sodium 


48. Blanchard, M., and Laigret, J.: L’innocuité compléte de la ponction lom- 
baire chez les indigénes du congo, Presse méd. 32:518, 1924. Blau, A.: Reactions 
Following Spinal Puncture, Urol. & Cutan. Rev. 45:239, 1941. 
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chloride was used to raise the lumbar pressure to between 680 and 850 
mm. and the vertex pressure to a positive pressure of 60 to 220 mm. 


These elevations in pressure were maintained for one to two minutes 


without headache in any instance. In one experiment on a subject in 


the horizontal position both the lumbar and the vertex pressure were 


held at 510 mm. for ten minutes (fig. 12). No headache was noted, 


but in the latter part of the trial period painful tingling in the sacral and 
leg areas was present. 


Comment.—The failure of experimentally induced elevation of intra- 


cranial pressure to cause headache confirms recent observations by 
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Fig. 12.—Failure of experimentally induced elevation of intracranial pressure 
With subject in a horizontal position, 


to cause headache in a normal subject. 
were held at 510 mm. for ten minutes 


the lumbar and intracranial pressures 


without headache. 


McNaughton *! and observations during experimental studies on his- 
tamine headache and headache associated with arterial hypertension.’* 


In the latter study, intracranial pressures of 800 to 1,000 mm. were 
produced by intrathecal injection of saline solution but were maintained 
for only a few moments. Reports by Fay of the production of headache 
by an apparently similar procedure present a contradiction for which 


we have no explanation.*® 


49. Fay (footnotes le and 22a). 


KUNKLE ET AL—HEADACHE 


on 


B. INTRACRANIAL PRESSURE AND HEADACHE ASSOCIATED WITH 
TUMOR OF THE BRAIN 


In patients with tumor of the brain headache and increased intra- 
cranial pressure frequently coexist. As a consequence of the commonly 
held assumption that such headache must be a direct result of general- 
ized elevation of intracranial pressure, the clinical importance of the 
headache in the localization of the lesion has been minimized. 

It has recently been shown, however, that there is no constant rela- 
tion between headache due to brain tumor and increased intracranial 
pressure.** An analysis of 72 patients with tumor of the brain indicated 
that although the headache may be located at a distance from the tumor, 
the location of the headache is not fortuitous. The data suggested that 
headache associated with tumor is produced by traction on intracranial 
pain-sensitive structures, chiefly the large arteries and veins and the 
venous sinuses. The traction may affect directly adjacent structures or 
those at a distance by extensive displacement of the brain. Generalized 
increase in intracranial pressure is a manifestation of tumor growth and 
is not essential to the production of tumor headache. Two sets of data 
confirm this view. 


1. FREQUENT ASSOCIATION OF HEADACHE ACCOMPANYING TUMOR OF THE 
BRAIN AND NORMAL INTRACRANIAL PRESSURE. 

Observations.—In the series of 72 patients with tumor of the brain 
who were studied, headache as a symptom occurred almost as commonly 
in persons without increased intracranial pressure (19 of 23) as it did 
in those with increased pressure (46 of 49).** In addition, of the 7 
patients who were free from headache, 3 had increased intracranial 
pressure. 

Comment.—These figures, reenforcing Northfield’s * observations, 
demonstrate that increased intracranial pressure is not essential to the 


production of tumor headache. 


2. INDEPENDENCE OF HEADACHE ASSOCIATED WITH BRAIN TUMOR AND 
INCREASED INTRACRANIAL PRESSURE. 
Observation.—The following study was made on a man with a left 
parietal oligodendroglioma who had had a bifrontal headache for one 
month, the pain appearing usually when he stood up. At the time of 


the experiment he was free of headache and was lying horizontally on 


lw 
his left side. The lumbar pressure was 175 mm. As indicated in 
figure 13, headache, chiefly of the left frontal area, was induced by drain- 
age of 39 cc. of cerebrospinal fluid through the lumbar needle. The 


headache was then eliminated completely by restoration of fluid and 
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elevation of pressure to its initial level, the technic of intrathecal injec- 
tion of saline solution described in part I being employed. Finally, and 
most significantly, when the lumbar and intracranial pressures were 


raised to a high level of 550 mm. for five minutes, headache did not 


recur. 
Comment.—The results of this experiment supplement well the 
evidence already offered that elevation of intracranial pressure in normal 


subjects fails to cause headache. 


GENERAL COMMENT 
The thesis which so insistently presents itself when these facts are 
reviewed, 1. e., that tumor headache or other headache is relatively 
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Fig. 13.—Induction of headache by drainage of cerebrospinal fluid and failure of 
induced elevation of intracranial pressure to 550 mm. to cause headache in a 
The headache following drainage 


patient with a left parietal oligodendroglioma. 
The patient was in the 


of 39 cc. of fluid was chiefly in the left frontal area. 


horizontal position and lying on his left side. 


independent of increased intracranial pressure, does not of course deny 
the clinical significance of such elevation of pressure. However, the 
vital importance of the various effects of rise in pressure is not relevant 
to this discussion. 

The headache associated with meningitis or other types of intra- 
cranial infection, in which elevation of cerebrospinal fluid pressure is 
often noted, is probably similar to headache associated with brain tumor 


in that it is independent of increased intracranial pressure.?*” 
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SUMMARY AND CONCLUSIONS 

Headache was regularly induced in normal erect human subjects by 
the free drainage of approximately 20 cc. of cerebrospinal fluid, the esti- 
mated vertex pressure falling to between —220 and —290 mm. from a 
normal of approximately —150 mm. Moreover, (a) drainage headache 
was reduced in intensity by the intrathecal injection of physiologic solu- 
tion of sodium chloride and the restoration of the cerebrospinal fluid 
volume; (b) drainage headache was reduced in intensity by tilting the 
body toward the horizontal or simply by flexion or extension of the head ; 
(c) in its response to postural changes drainage headache was shown to 
be independent of the estimated intracranial pressure; (d) drainage 
headache was usually augmented in intensity during distention of intra- 
cranial veins secondary to bilateral jugular compression; (e) in a sub- 
ject who had previously had section of the roots of the fifth and ninth 
cranial and the upper four cervical nerves, all on one side, induced drain- 
age headache was absent over the homolateral frontotemporal area. This 
indicates that the afferent impulses from the frontal portion of the area 
of drainage headache traverse the fifth cranial nerve. 

It is thus inferred that drainage headache is caused primarily by 
traction by the brain on various pain-sensitive structures which anchor 
it to the cranium; dilatation of some of these structures, the intracranial 
veins, and increase in brain volume are suggested as joint factors in the 
augmented traction which follows drainage of fluid and leads to headache. 

The headache which often follows lumbar puncture has predictable 
and unique features, all of which indicate its similarity to drainage head- 
ache. Like drainage headache, (a) postpuncture headache was asso- 
ciated with a decrease in cerebrospinal fluid volume, as evidenced by a 
fall in cerebrospinal fluid pressure; (>) it was completely eliminated by 
the intrathecal injection of saline solution and by the elevation of the 
intracranial pressure to normal; (c) its intensity was reduced by change 
from the erect to the horizontal position or by flexion or extension of the 
head, and (d) its intensity was increased by bilateral jugular com- 
pression. 

The usual variety of postpuncture headache is therefore similar in 
type and mechanism to the headache induced by drainage of cerebro- 
spinal fluid; i. e., it is caused by dilatation of and traction on pain- 
sensitive intracranial vascular structures. It is probably secondary to a 
prolonged leakage of fluid through the dural hole in the lumbar sac pro- 
duced by the operator’s needle. 

Uncommonly, postpuncture headache results from sterile “meningitis.” 

The headache so often associated with increased intracranial pressure 
has generally been assumed, but never proved, to be related to the 


increased pressure. Yet, (@) elevation of intracranial pressure in normal 
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human subjects to abnormally high levels failed to cause headache; (b) 
in a series of 72 patients with tumor of the brain, headache occurred 
almost as frequently with normal as with increased pressure; (c) head- 
ache homolateral to the lesion in a patient with a tumor of the brain was 
induced by lowering the intracranial pressure, but could not be induced 
by elevation of the pressure to a high level of 550 mm. 

Hence, in the production of headache, increased intracranial pressure 
is neither a prime nor an essential factor. 

From these data it is concluded that the headache associated with 
either decreased or increased intracranial pressure results from traction 
on or displacement of pain-sensitive intracranial structures and is inde- 
pendent of generalized intracranial pressure changes per se. 


Miss Helen Goodell aided in the experiments and the preparation of the 
illustrations. 


925 East Sixty-Eighth Street. 


PREDISPOSING FACTORS IN BROMIDE 
INTOXICATION 


ANDRAS ANGYAL, M.D. 


WORCESTER, MASS. 


With regard to bromide intoxication, opinion is divided as to the 
relative importance of the direct toxic effects of bromides, on the one 
hand, and the individual susceptibility and predisposing pathologic con- 
ditions, on the other. A recent experimental investigation by Jellinek, 
Angyal, Cohen and Miller,’ at the laboratory of applied physiology at 
Yale University, is of particular interest to this controversy. In that 
experiment 78 normal subjects received bromides orally for a period of 
four weeks in high enough doses to produce bromide levels in the blood 
serum of about 150 mg. per hundred cubic centimeters by the end of the 
medication period. The outstanding result of this experiment was the 
paucity of neurologic and psychiatric changes in the subjects when 
the bromide level in the blood reached values which by many authors 
have been stated to approach, or even to be within, the toxic zone. 

The setting of this experiment was not quite identical with the usual 
conditions under which bromide psychosis is said to arise. For one 
thing, it is claimed that bromide intoxication usually—though not invari- 
ably—occurs in connection either with a very large intake of bromide 
in a short time or with a lesser use of the drug over a long period. In 
the Yale experiments, however, the bromide level in the blood reached 
a considerable height only during the last week or last two weeks of 
the experiment and was maintained at this level for only a brief period. 
It seemed questionable to us, however, whether such factors would 
explain satisfactorily the difference between the slight changes observed 
in the experimental subjects and the dramatic delirious picture seen in 
patients with bromide psychosis. It appeared advisable to inquire 
whether or not there are any features beyond the presence of bromides 
in the blood which may be responsible for the psychotic manifestations 
observed in cases of bromide intoxication. 

For this purpose the records of the 21 patients admitted to the 
Worcester State Hospital during the years 1937 to 1941 with a diag- 


From the Worcester State Hospital. 
1, Jellinek, E. M.; Angyal, A.; Cohen, L. H., and Miller, D, P.: An Experi 
mental Study of Bromism, Psychiatric Quart., to be published 
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nosis of “psychosis due to bromides” were reviewed. This review 
included only those cases in which the official diagnosis was clearcut, 
All cases in which the diagnostic label indicated that factors other than 
bromides were also considered as significantly responsible for the psy- 
chosis (e. g., “psychosis due to bromides and barbiturates” or “psychosis 
due to bromides and alcohol’) were excluded. Furthermore, all cases 
in which the diagnostic impression was first that of bromide intoxication 
but which subsequently were reclassified under some other diagnostic 
label were excluded from this study. Briefly, only those cases were used 
in the present series in which, after sufficient time for observation, the 
diagnosis of “psychosis due to bromides” was considered by the hospital 
staff as the most reasonable classification. 


It may reasonably be expected that in cases of bromide intoxication 
some other preexisting condition will almost invariably be found. After 
all, there must be some personality disturbance—insomnia, restlessness, 
neurotic disturbances, etc.—responsible for resort to bromides. It was 
felt, therefore, that only those features which go beyond vague neurotic 
complaints, or even beyond a distinct neurosis, could be considered as 
major complicating factors. There was no preconceived notion as to 
what these factors might be, and hence no specific list of features for 
which to look in the case records was used. 


A study based on the consultation of records rather than on personal 
examination of patients has certain disadvantages. This is particularly 
true in a case of such a more or less transient condition as bromide 
intoxication, in which the patient resides in the hospital for only a short 
period and in which the case record, particularly the social history, is 
as a rule less detailed than that of a patient with a condition requiring 
prolonged psychiatric care. A thorough analysis of personality or a 
study of subtle deviations of prepsychotic adjustment can therefore not 
be attempted. Since, however, the purpose of the present study was to - 
determine whether any gross contributing factors were present, the lack 
of complete information was not a serious handicap. 

To anticipate some of the results, in the great majority of cases 
certain factors were present of which the probable etiologic significance 
for the psychosis cannot be ignored: cerebral arteriosclerosis, severe 
alcoholism, organic disease of the brain, involutional complications, ete. 
Frequently more than one of these conditions was present in a given 
case. I have roughly classified the cases according to the prevalent 
complicating factor. In several cases it was doubtful which factor 
should be given greater weight. This classification is, however, meant 
to be only a gross grouping to facilitate the discussion. 


. 
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ARTERIOSCLEROSIS AS A CONTRIBUTING FACTOR 


This group comprises 5 cases in which arteriosclerosis—usually asso- 
ciated with heart disease—was considered as the major contributing 
factor. 


Case 1—H. J., a married woman aged 59, was admitted to the hospital on 
March 2, 1938. Three of the patient’s 12 siblings died of tuberculosis in their 
late teens. Anamnestic information was scanty, but no gross abnormality seems 
to have appeared until about ten years ago. At that time the patient was having 
the menopause. She began to nag her husband constantly and showed much 
jealousy. This condition persisted more or less constantly until the present illness. 
On one occasion she accused her husband of trying to get a waiter in a restaurant 
to poison her food. During the last three years there had been a marked change 
in her personality. She became careless in housekeeping and in her personai 
appearance. She stopped going to church and became rather inactive, spending 
much time sitting in a chair and not talking to any one, A year ago she 
compelled her husband to change their residence because she accused him of 
flirting with the landlady. During the last three or four months her seclusiveness, 
irritability and suspiciousness increased to such an extent that she had to be 
admitted to the hospital. The history of the use of bromides was vague. Appar- 
ently, she had taken bromides off and on for four or five years preceding her 
illness, and during the last year had used them at frequent intervals and in 
increased doses. 

On admission she was excited, confused, bewildered and apprehensive and wept 
frequently. Physical examination revealed that the right pupil was larger than 
the left; the right pupil did not react to light, and the left responded sluggishly. 
Abdominal reflexes and the knee and ankle jerks were absent. The blood pres- 
sure was 170 systolic and 110 diastolic and dropped later to 160 systolic and 100 
diastolic. The retinal vessels were somewhat tortuous and narrowed, and there 
was evidence of general peripheral arteriosclerosis. The heart was enlarged to 
the left, and there was slight pitting edema of the ankles. The skin showed an 
erythematous rash, and numerous red, pinpoint papules occurred over the anterior 
aspect of the legs and thighs. 

One day after admission the bromide content of the blood serum was 100 mg. 
per hundred cubic centimeters. 

By the end of the first week the patient’s mental status was much clearer. At 
the end of the thirty-fifth day period of observation she was well enough to be 
dismissed from the hospital. Her adjustment, rechecked after one year, was fairly 
good, but she was rather loquacious and euphoric and showed slight memory 
defects. 


Besides the use of bromides, the following factors may be significant 
in this case: 1. About the time of the menopause, the patient mani- 
fested a mild paranoid condition, which persisted more or less until her 
present condition developed. 2. Habit deterioration and personality 
changes had been occurring for three or four years. 3. Advanced 
arteriosclerosis was present, with which these alterations were con- 
sistent. 4. Memory defects persisted long after the effects of bromide 
were over, and hence it may be presumed that they were present even 
previous to the episode of bromide intoxication. It is noteworthy, also, 
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that the psychiatric symptoms were present while the bromides in the 
blood serum were below what usually is considered a toxic level. 


Case 2.—D. W., a white woman aged 75, was transferred to the Worcester 
State Hospital on Dec. 7, 1938, after a ten day stay in a general hospital. The 
past history was scanty and not significant. On admission she was confused and 
disoriented. She appeared to respond to hallucinations and expressed the belief 
that her food was poisoned. Physical examination revealed advanced retinal and 
generalized arteriosclerosis and arteriosclerotic heart disease. The blood pressure 
was 170 systolic and 110 diastolic. There were no other significant physical signs, 

The bromide level of the blood two days after admission was 60 mg. per 
hundred cubic centimeters. No determinations of the bromide values were made 
in the general hospital from which the patient was transferred, but presumably 
the bromide level had been considerably higher. The bromide content dropped 
slowly: at the end of the fourth week it was still 24 mg. per hundred cubic cen- 
timeters. Under treatment with sodium chloride the patient’s condition grad- 
ually improved, and her confusion, hallucinations and delusions disappeared. . She 
admitted having taken various kinds of medicines for several years, but she could 
not give any detailed account. After a four month stay in the hospital she was 
well enough to be discharged to a home arranged by old age assistance. 


Advanced arteriosclerosis in a 75 year old woman must be considered 
as etiologically significant. 


Case 3.—M. R., a woman aged 67, was admitted to the hospital on Oct. 13, 
1938. The family and past histories were not remarkable. About two years 
previous to admission it was noted that the patient began to neglect herself, which 
was decidedly in contrast to her previous habits. She was also noticed talking 
to herself as if she were speaking to several persons at a time. A few months 
previous to admission she began to go to the outpatient department of a general 
hospital to be treated for iritis, arthritis and hypertension. She complained par- 
ticularly of vertigo, for which she was given elixir of three bromides (dose not 
stated). Within a month her behavior became even more peculiar. She wandered 
about the streets and became forgetful and confused. Occasionally she stopped 
in front of strange people on the street and speculated in a loud voice what was 
wrong with them. Several days before admission she stopped eating. 

On admission she was drowsy, sleeping day and night and needing to be 
awakened for feeding. When her drowsiness decreased she appeared depressed, 
crying easily with no provocation. There was no evidence of hallucinations or 
delusions. She was disoriented and confused, and her memory was defective. 

Physical examination revealed a sluggish pupillary reaction to light and in 
accommodation, hyperactive tendon reflexes, gross tremor of the fingers, a ques- 
tionable Hoffmann sign on the left and bilateral knee and ankle clonus, more 
pronounced on the left. Her speech was thick. The blood pressure was 170 
systolic and 80 diastolic, and there was striking peripheral sclerosis. There was 
a faint systolic murmur at the apex and over the aortic area. She had bilateral 
nontoxic adenomas of the thyroid. The bromides of the blood serum measured 
270 mg. per hundred cubic centimeters one week after admission, 190 mg. four 
days later and 140, 88 and 44 mg., respectively, per hundred cubic centimeters 
at successive weekly intervals. With treatment the mental state gradually cleared; 
in about six weeks there was no evidence of psychosis, and only a moderate degree 
of memory impairment was the residual defect. 
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The advanced arteriosclerosis ought to be considered as etiologically 
highly significant in this case. Habit deterioration, referable to the 
advanced cerebral arteriosclerosis, was of two years’ duration and con- 
siderably antedated'the use of bromides. It is remarkable, however, that 
after the signs of bromide poisoning disappeared the patient returned 
to a state which was apparently better than that which preceded the 
use of bromides. 


Case 4.—F. T., a white woman aged 65, was transferred from a general 
hospital on Aug. 3, 1939. The patient’s mother died at the age of 50 of carcinoma 
of the stomach, and one of the patient’s daughters died at 40, also of carcinoma 
of the stomach. The patient was operated on for uterine fibroids, but otherwise 
she had apparently been well until two years ago, when she began to suffer from 
attacks of angina pectoris. In 1938 her husband died, and she began to suffer 
‘from “nervousness” and insomnia. Without consulting a physician, she began to 
take bromides (sodium bromide, 2 teaspoonfuls daily) more or less regularly from 
September 1938 until shortly before her admission to this hospital. In the latter 
part of July 1939 she refused to eat, became confused and drowsy and staggered 
when walking. On July 27, 1939 she was admitted to a general hospital. There 
her illness ran a febrile course, and she was suspected of having a pneumonic 
process. In the hospital persecutory delusions developed, the patient believing 
that attempts were being made to poison her. She was then transferred to this 
hospital. Here she was greatly confused and disoriented and showed defects of 
memory, but there was no definite evidence of hallucinations or delusions. 

Physical examination revealed dehydration, evidence of arteriosclerosis, mod- 
erate cardiac enlargement to the right and dulness and rales at the bases of both 
lungs. The first record of the bromide level of the blood serum, dated two weeks 
after admission, was 217 mg. per hundred cubic centimeters; a week later it was 
54 mg. per hundred cubic centimeters, and after an additional three days, 47 mg. 
per hundred cubic centimeters. 

The patient’s condition cleared rapidly, and on the twenty-seventh day after 
admission she was discharged as recovered from the psychosis. 


The arteriosclerotic process seemed to be the chief predisposing 
factor in this case. It was also important that the patient had had 
insufficient nourishment and probably an inadequate intake of fluids 
for some days before admission to the hospital. 


Case 5——H. H., a white woman aged 66, was transferred from a general 
hospital to this hospital on July 28, 1941. 

Both parents of the patient were said to have suffered from hypertension. 
The patient had always been nervous and worried constantly. Her past history 
was otherwise not remarkable. In the last few years she had suffered from 
headaches and tinnitus associated with hypertension. A month before her admis- 
sion she had what was said to be a slight shock; she became semistuporous and 
fell to the floor. There was no paralysis. For a few days she was kept in bed 
and treated with bromides (amount not stated). Soon she was able to be up and 
about, but the bromide medication was continued. She became increasingly 
drowsy, and on July 23, 1941 she was admitted to a general hospital. There she 
became confused, disturbed and hallucinated and was transferred to this hospital. 
On admission her speech was slurring. She was resistive, occasionally assaultive, 
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and confused, fearful and apprehensive. She spoke vaguely of threatening visita- 
tions and religious pictures on the wall. 

Physical examination revealed the following positive signs: sclerosis of the 
peripheral vessels, a blood pressure of 196 systolic and 90 diastolic and mod- 
erate cardiac enlargement to the left. 

The bromide level of the blood serum on the day following admission was 
254 mg. per hundred cubic centimeters (bromide content of the spinal fluid 104 
mg. per hundred cubic centimeters). The amount of bromide in the blood decreased 
relatively rapidly, and in thirty-two days the patient was considered recovered 
from the psychosis. 


This seems to be a rather clear case of bromide poisoning. super- 
imposed on hypertension and generalized arteriosclerosis. 


The 5 patients in this group were all women. Their ages ranged 
from 59 to 75 years, with an average of 66.4 years. In all 5 patients 
the physical signs of arteriosclerosis were conspicuous. Two patients 
presented definite psychotic features before any use of bromides. These 
features consisted in 1 patient (case 3) of severe habit deterioration 
and in another (case 1) of a paranoid condition, beginning at the meno- 
pause and persisting for about ten years. The second patient also showed 
habit deterioration of several years’ duration. All patients recovered 
from the immediate toxic effects of the bromides, but the underlying 
personality disturbances persisted in those patients in whom they were 
present before the bromide incident. The highest bromide levels in the 
blood serum recorded for these 5 patients ranged from 60 to 270 mg. 
per hundred cubic centimeters, with an average of 180 mg. per hundred 
cubic centimeters. 


ALCOHOLISM AS A _ PREDISPOSING FACTOR 


Case 6.—W. C., a man aged 58, was transferred from a general hospital to 
this hospital on June 1, 1937. He had been a heavy drinker since the age of 18 
years. When intoxicated he was noisy and abusive. On six previous occasions 
he had been confined in a general. hospital with delirium tremens. Seven years 
ago, for a short period, he was an inmate of the Worcester State Hospital, and 
at that time his condition was diagnosed as alcoholic psychosis. The patient 
claimed that for the past year and a half he had not been drinking at all. For 
the last three years he has been taking daily 2 fluiddrachms (7.4 cc.) of a mix- 
ture of potassium bromide and chloral hydrate containing 12 grains (0.9 Gm.) 
of each to the fluiddrachm (3.7 cc.). He had increased this amount to 3 or 4 
teaspoonfuls daily for a week or two preceding his admission. On May 15, 1937 
he again began to drink heavily and became weak and tremulous. On May 21 
he became extremely confused and expressed the belief that he had killed some 
one. On May 27 he was taken to a general hospital,, where he became deluded 
and excited and for that reason was transferred to this hospital. 

On admission his gait was staggering and his speech slurred. He was excited 
and shaky and refused to eat. He stated the belief that people were standing 
behind him with a gun. He was afraid that he was going to be killed and that 
the water basins were filled with poison. He was greatly disoriented, and his 
memory and comprehension were defective. 
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Physically he appeared poorly nourished and dehydrated, the lips and tongue 
being crusted. The blood pressure was 160 systolic and 90 diastolic. There was 
some sclerosis of the peripheral vessels, but the retinal vessels were fairly normal. 
The ‘liver was enlarged 1 fingerbreadth below the costal margin. The knee jerks 
were hyperactive. 

The bromide level of the blood serum was 109 mg. per hundred cubic centi- 
meters one week after admission, 94 mg. five days and 30 mg. after an additional 
twelve days. On the twenty-sixth day after admission he was discharged from the 
hospital. At that time his condition was completely clear. 


Catamnestic Note—Fifteen months later the patient was again admitted to 
this hospital. The diagnosis at this time was “without psychosis; alcoholism.” 


It is difficult to state which part of the symptomatology was due to 
bromides and which part was due to alcohol. The latter factor has to be 
weighted rather heavily in an etiologic consideration: There were a long 
history of alcoholism, six admissions to the hospital for delirium tremens, 
one admission to a mental disease hospital for alcoholic psychosis pre- 
vious to the episode of bromide intoxication and another admission for 
alcoholism following this episode. During the two weeks preceding hos- 
pitalization there was an increase in the bromide intake, but the alcohol 
habit was also resumed. Dehydration and malnutrition may also be 
considered as contributing factors. 


Case 7.—P. O’L., a man aged 39, was transferred from a general hospital to 
this hospital on Oct. 29, 1938. 

The patient’s father was alcoholic and died at the age of 33 of tuberculosis. 
His mother, who was described as “hysterical,” suffered from diabetes and hyper- 
tension. The patient was the youngest of 6 siblings, 2 of whom died in infancy; 
the oldest brother died of “alcoholism”; another brother was admitted to this 
hospital for dementia praecox and died here of pulmonary tuberculosis, and 
another brother also had tuberculosis as well as a “nervous breakdown” after 
being graduated from college. The family lived in a very poor environment, and 
the home situation was extremely chaotic. The patient was described as having 
been an incorrigible child. He finished the ninth grade, when he was removed 
from school because of truancy and other behavior problems. He had various 
jobs, mostly laboring ones, all over the country. He had been a heavy drinker 
of alcohol since the age of 16, and had a record of more than forty arrests for 
drunkenness and fifteen arrests for breaking and entering. He had spent six years of 
his life in jail. On three occasions he was admitted to a general hospital with 
delirium tremens. In 1924 he became addicted to morphine, taking as much a 
30 grains (1.95 Gm.) a day. In 1930 he was taking 14 to 16 grains (0.91 to 
1.04 Gm.) of diacetyl morphine and was admitted to a general hospital. After that 
he became a heavy user of barbital. 

The patient had had one previous admission to this hospital, in 1936. At that 
time the diagnosis was alcoholic psychosis. On May 15, 1938, after the expira- 
tion of one year’s trial visit, he was discharged from the hospital. The hospi- 
talization to be discussed took place on October 29 of the same year. The patient 
stated that just at the time he had previously been discharged from the hospital 
his mother died and he decided to take drugs again “to forget.” He started with 
¥% grain (0.032 Gm.) of morphine sulfate, increasing the dose until in about five 
months he was using 15 to 25 grains (0.975 to 1.525 Gm.) daily. He neglected 
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himself, ate poorly and lost weight. Finally, he voluntarily entered a general 
hospital on Oct. 1, 1938. Here the dose of morphine was gradually reduced 
until the patient was not receiving any of the drug. He became restless, agitated 
and assaultive. In the hospital he was suspected of having drugs smuggled in to 
him by his friends. 

On admission to this hospital he was irritable, suspicious and antagonistic. 
His speech was slurred and his gait staggering. He had a “picket fence” tem- 
perature, which ranged from 90 to 100.6 F., down at night and up in the morning, 
with an accompanying variation in pulse rate of 45 to 108 per minute. He was 
extremely nervous, tremulous and agitated. A few days after admission he broke 
out with what was apparently a bromide rash. Two days after admission the 
bromide level of the blood serum was 145 mg. per hundred cubic centimeters. 
Four to six weeks after admission he no longer showed any gross signs of 
psychosis. 


The following factors are relevant for etiologic consideration: (1) 
possibility of a constitutional weakness because of the patient’s extremely 
poor family stock; (2) psychopathic personality; (3) history of chronic 
alcoholism, with three incidents of delirium tremens and a previous 
alcoholic psychosis ; (4) addiction to various drugs, and (5) withdrawal 
of morphine at the onset of the present episode. 


CasE 8—A. W., a woman aged 55, was transferred from the Boston Psycho- 
pathic Hospital to this hospital on Dec. 17, 1940. The prepsychotic history was 
scanty and not remarkable. From puberty she had taken whisky to relieve men- 
strual pains, but, according to her statement, she did not drink at other times 
until her father died, in April 1940. Since then she had been drinking exces- 
sively. On November 27 she collapsed on the street and was taken to a generab 
hospital in a stuporous condition. There she became unmanageable, and on Dec. 4, 
1940 she was transferred to the Boston Psychopathic Hospital. There she was. 
confused, stuporous and disoriented and soon became hallucinated, seeing dogs 
and elephants, and she expressed the belief that the nurses were going to kill her. 

Physically, she appeared dehydrated, and the tongue was covered with crusts 
of sordes. Gait was unsteady and speech slurred. The reflexes were hyperactive. 
The heart was slightly enlarged. The bromide levels of the blood serum were 
240 mg. per hundred cubic centimeters on December 9, 95 mg. on December 27 
and 23 mg. on January 30. 

The patient gradually improved, so that on Feb. 20, 1941 she was released 
on a trial visit. A recheck of her condition six months after her release did not 
reveal any gross signs of psychosis, but she had many childish ideas and was 
rather unreasonable. 


In this case the etiologic significance of alcohol is somewhat ques- 
tionable. The postpsychotic residuals (childish behavior and lack of 
judgment) may be interpreted as indicative of some antecedent deterior- 
ative process which may have predisposed her to the bromide intoxication. 


Case 9.—E. P., a man aged 48, was transferred to this hospital from a gen- 
eral hospital on May 17, 1938. The patient’s father died of cancer of the tongue 
and his mother of cancer of the stomach. Seventeen siblings were dead, all but 
3 of whom died in infancy. One brother was in a mental disease hospital, and 
1 sister had been “nervous and absent-minded” since the death of her husband. 
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The patient was a drifting sort of person. He began drinking at the age of 23, 
and at 25 he was a heavy drinker, doing his drinking alone. He had been 
arrested six times for intoxication. He had had two attacks of delirium tremens, 
one ten years and another five years before admission to this hospital, for which he 
was treated in a general hospital. He had also had a previous admission to the 
Worcester State Hospital in 1932, with a diagnosis of chronic alcoholism. 

Previous to the present admission he had not drunk for about a year. On 
May 2, 1938 he began to drink again, consuming anywhere from a pint to a 
quart (475 to 950 cc.) of liquor daily. At the same time he did not eat anything 
all day. On May 5 he went to a physician, who prescribed for him elixir of three 
bromides. He bought a 16 ounce (530 cc.) bottle and drank it all within one day. 
The family noticed that he was talking peculiarly. On May 8 he was taken to 
a general hospital in a stuporous condition. There he became noisy and threat- 
ening and was brought to this hospital on May 17. 

On admission he was restless and untidy and required tube feeding. Within 
three days his condition began to clear up, but there were still much disorienta- 
tion and confusion and a tendency to confabulation. 

His voice was heavy; the pupils were dilated, and the deep tendon reflexes 
were diminished. He was severely dehydrated. There were rales at the bases 
of the lungs. A blood count revealed considerable anemia, the red cell count 
being 3,710,000 and the hemoglobin content 80 per cent. The spinal fluid (on 
December 25) showed 493 cells per cubic millimeter, with 45 per cent lympho- 
cytes and 55 per cent polymorphonuclear leukocytes. The proteins of the spinal 
fluid measured 95 mg., the chlorides 742 mg. and the bromides 85 mg. per hun- 
dred cubic centimeters. The colloidal gold curve was 0012100000. Because of 
the changes in the spinal fluid, the possibility of encephalitis was considered. The 
data available in the case record are insufficient for an accurate diagnosis, but 
obviously there was present an infectious process involving the central nervous 
system. The bromide levels of the blood serum were 186 mg. per hundred cubic 
centimeters on May 20, 180 mg. on May 23, 57 mg. on May 31 and 27 mg. on 
June 6. On June 18, 1938 the patient was released on a trial visit. By that time 
he showed no gross evidence of psychosis. 


The following factors are etiologically significant: (1) a consti- 
tutional weakness, which may be assumed because of the extremely poor 
family stock; (2) alcoholism, with two incidents of delirium tremens, 
a previous commitment to a mental disease hospital for chronic alcohol- 
ism and excessive consumption of alcohol just preceding the present 
episode ; (3) physical debilitation, with lack of food for days before the 
onset of the illness and anemia, and (4) infection of the central nervous 
system. 


This group comprised 3 men and 1 woman. Their ages ranged from 
39 to 58 years, with an average of 50 years. The past histories of the 
3 men of this group were similar. Two of the men had very poor 
heredity, including the presence of cases of psychosis in the family. 
All 3 men were chronically alcoholic, with histories of excessive use of 
alcohol for periods of twenty-three, twenty-five and forty years—long 
enough to produce organic changes. All had repeated episodes of 
delirium tremens; all had previous admissions to state hospitals, and 2 
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of them had had further admissions to a state hospital for alcoholism 
within a relatively short time after recovering from the bromide intoxj- 
cation. The history of the woman was quite different from that of the 
other patients in this group. She apparently had a fairly normal back- 
ground and had been drinking excessively for only about one year. It 
is likely, however, that in this case some deteriorative process preceded 
the bromide intoxication. 

All the patients of this group were admitted to the hospital in a state 
of severe dehydration, a condition which must be considered as etiologi- 
cally significant. In 1 patient there was present in addition an infec- 
tious process of the central nervous system. In another patient 
phenomena of morphine withdrawal complicated the picture. 

The highest readings of the bromide levels of the blood serum 
ranged from 109 to 240 mg. per hundred cubic centimeters, with an 
average of 170 mg. per cent. 


OTHER DISEASES OF THE CENTRAL NERVOUS SYSTEM 
AS PREDISPOSING FACTORS 


In this group are included 2 patients who showed some organic 
alterations in the central nervous system other than changes due to 
alcohol or to an arteriosclerotic process. 


Case 10.—E. H., a woman aged 43, was transferred from a general hospital 
to this hospital on July 6, 1937. She was well until about a year preceding the 
hospitalization, when she began to suffer from menorrhagia, which became pro- 
gressively worse and led finally to entrance to a general hospital on June 18, she 
being in bed for three weeks preceding hospitalization. She was restless and 
suffered from insomnia, for the relief of which bromides (dose not stated) were 
given. Exploration on June 26 revealed large fibroid masses on both sides of 
the uterus, the one on the right extending to the pelvic brim. Scrapings were 
not examined microscopically. After an operation the patient became so disturbed 
that she had to be transferred to this hospital. 

On admission she was acutely hallucinated and expressed the belief that the 
house was on fire and that snakes and other objects were under the bed. She 
misidentified people and was completely disoriented for time and place. She was 
extremely restless, with anxiety and apprehension. 

Physical examination showed inequality of pupils, with poor reaction to light. 
There was an apical systolic murmur, which was forced and blowing in char- 
acter, and the pulse was rapid (102 per minute). Fluid output was low, and the 
Mosenthal test showed variations in specific gravity of 1,008 to 1017. Gyneco- 
logic examination revealed that the uterus was five times the normal size. The 
diagnostic impression was fibrosis uteri. 

The bromide levels of the blood serum were 206 mg. per hundred cubic centi- 
meters on the day of admission, 85 mg. one week later and 58 mg. after an 
additional two days. The bromides of the spinal fluid were 128 mg. per hundred 
cubic centimeters on the day of admission and dropped in two weeks to 24 mg. 
per hundred cubic centimeters. 
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The patient's condition began to clear after about ten days, and on the 
fortieth day she was discharged from the hospital as recovered from the psychosis. 
However, five days after leaving the hospital she became acutely ill with a chill, 
stiff back and a bilateral Kernig sign. She was taken to a general hospital. 
Spinal puncture relieved her pain, and she was slightly better. After one week 
in the hospital, however, she had convulsions for a few minutes, after which she 
was unconscious, with shallow breathing and extremely rapid pulse. On lumbar 
puncture the fluid shot out under great pressure. Half an hour after the lumbar 
puncture she died. 

Autopsy revealed acute endocarditis, enlargement of the liver and spleen, 
uterine fibroids, infarct of the left kidney and acute bilateral pyelitis. The 
condition of the brain and meninges was as follows: The dura was thickened 
and firmly adherent to the calvarium; the spinal fluid was bloody. There was 
a hemorrhagic area over the left frontal region, and the dura was thick and 
adherent to the surface of the brain. Section in the parietal region, just posterior 
to the hemorrhagic area, revealed a well organized clot, the size of a small egg, 
surrounded by an area of softening and necrosis, which was well walled off and 
did not enter the lateral ventricle. In the posterior portion of the right parietal 
lobe there was an area of softening 6 by 5 cm., which entered the lateral ven- 
tricle. The brain substance in this area was completely absorbed. 


Apparently, an actue flare-up of bacterial endocarditis was respon- 
sible for the hospitalization of the patient, which took place a week pre- 
vious to her death. (No blood cultures were made.) The recent cerebral 
hemorrhage in the left frontal region was apparently a sequela of the 
endocarditic process. Of greater interest from the present point of view 
are the extensive lesions on the right and left sides of the posterior 
portion of the brain. From the autopsy report, it is evident that those 
lesions must have been present for a considerable period, though they 
were silent as far as gross clinical manifestations were concerned. Briefly, 
this case is one in which the bromide acted on an already grossly 
impaired brain. 


Case 11.—J. S., a man aged 59, was admitted to this hospital on July 20, 
1937. The past history was not remarkable. The patient’s illness apparently 
began six months prior to admission, when he complained of chronic tiredness 
and of not being able to work as well as he used to. He was depressed and 
discouraged. Three weeks prior to admission he began mumbling unintelligibly 
and spoke of his being “watched by pictures.” 

On admission he was confused and unresponsive and had to be fed with a 
spoon. He was greatly retarded and was almost mute, bringing forth only a 
few disjointed phrases in a hoarse whisper. When his condition began to clear, 
he showed pronounced aphasia. 

Physical examination revealed moderate general arteriosclerosis. The retinal 
vessels were sclerosed. There was an acne-like eruption over both upper extremities. 
Repeated laboratory examinations revealed a consistently positive Hinton reaction 
of the blood and a negative reaction of the spinal fluid. (The date of the 
syphilitic infection could not be accurately determined, but, judging from the 
patient’s vague statements, it must have occurred more than twenty-five years 
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before.) The bromide levels of the blood serum were 103 mg. per hundred 
cubic centimeters on the day of admission (July 21), 74 mg. on July 27, 53 mg. 
on August 4 and 0 on August 30. (The duration or the dose of bromide intake 
was not stated.) 


The patient showed gradual improvement. After three months’ residence in 
the hospital he was allowed to go home for short visits. After seven months 
he was released for a year’s trial visit; at the expiration of that period he was 
discharged from the hospital. Although the acute symptoms did not recur, the 
patient remained an inactive, irritable, inefficient person in need of supervision, 


The acute symptoms occurred with a moderate elevation of the 
bromide level of the blood. Definite morbid changes probably preceded 
the use of bromide and remained practically unchanged after the acute 
episode was over. It is reasonable to assume that the untreated 
syphilis, of long duration, as well as the arteriosclerotic changes, were 
highly significant for the production of the clinical picture. 


PHYSICAL DEBILITY AS A PREDISPOSING FACTOR 


In a number of cases included in the previous three groups there 
were present debilitating physical conditions, such as insufficient nourish- 
ment for a period preceding the psychosis, dehydration and acute infec- 
tions. To such conditions a certain significance is ascribed as factors 
predisposing to various organic reaction types. Thus, for example, 
it has been pointed out by several authors that episodes of delirium 
tremens are often associated not only with excessive intake of alcohol 
but frequently with physically debilitating factors, such as exposure to 
cold, insufficient nourishment, acute infections or occasionally a neglected 
fracture. A similar consideration may be applicable to bromide psy- 
chosis. Though some degree of physical debilitation is more or less the 
rule in cases of bromide intoxication, in the following 2 cases it can be 
considered as a major factor. 


Case 12.—C. W., a man aged 44, was admitted to this hospital on April 11, 
1937. His father was alcoholic and his mother a rather unstable person. He 
had been fairly well until recently. In 1936 his wife died, after which he began 
to drink, but apparently not excessively. The present difficulties began with the 
following episode. On March 26, 1937 he left his 11 year old daughter in a 
movie theater, intending to call for her at 10:30 p. m. After having a few 
drinks, he picked up a prostitute in a tavern. While riding with her in a taxi 
he was in an automobile accident, sustaining an injury to his leg. He was taken 
to a hospital, but left against advice, being afraid of a scandal. At home his 
leg began to swell, and a physician was called. A diagnosis of fracture was 
made. He was worried about the drinking episode and became restless and 
sleepless. For relief of this condition he was given bromides (amount not stated). 
On April 4 he became irrational and excited, and on April 11 he was brought 
to this hospital. 


| 
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On admission he was in a deep stupor. When aroused he was confused 
and disoriented, felt the floor sliding, saw rows of women beside him, saw people 
bleeding, etc. 

Physically he was dehydrated. His right leg was in a cast, with fracture of 
the internal condyle of the femur. His temperature ranged from 103 to 104 F.; 
the resonance of both lungs was diminished, and a diagnosis of pneumonia 
in the midchest was made. On April 14 the red blood cells numbered 3,640,000; 
this count gradually returned to normal. On April 16 his temperature became 
normal, but he was noisy and said that smoke was rising from the bed. After 
this date there was rather rapid improvement; by April 22 his condition was 
entirely clear, and he was only somewhat tense and anxious. On May 2 he was 
released from the hospital as recovered. 

The bromide levels of the blood serum were 400, 241, 133 and 68 mg. per 
hundred cubic centimeters on April 13, 16, 20 and 27 respectively. 


Because of the high bromide level of the blood serum, the factor of 
intoxication is most outstanding. However, the dehydration and the 
pneumonia may well be considered as contributing factors. 


CasE 13.—B. D., a woman aged 46, was admitted to this hospital on March 8, 
1938. One of her 2 brothers died in a mental disease hospital. The patient had 
been working very hard in supporting an invalid husband and an alcoholic brother, 
besides herself. About eight weeks prior to admission she began to complain of 
weakness and numbness of her right side. On medical advice she went to bed 
and received for sedation 2 teaspoonfuls of elixir of three bromides before each meal 
and 6 grains (0.39 Gm.) of phenobarbital daily. This medication was soon 
changed to 1 teaspoonful of the bromide three times a day and 8% grains 
(0.55 Gm.) of phenobarbital daily. Two weeks prior to admission she began 
to eat sparingly, and during the five days preceding admission she took practi- 
cally no nourishment. She became stuporous, deluded and hallucinated and was 
brought to this hospital. 

On admission she was incontinent, confused and fearful of dying. She had 
the sensation of floating on thin air and expressed the belief that her spirit was 
separated from her body. 

Her temperature was 100 to 103 F. There were duiness and diminished breath 
sounds over the base of the right lung, and the roentgenographic signs were 
suggestive of bronchopneumonia. She also had cystitis, with burning and fre- 
quency and with pus and red blood cells in the urine. 

The bromide levels of the blood serum on March 9, 14, 21 and 30 were 197, 
118, 60 and 0 mg., respectively, per hundred cubic centimeters. 

The patient’s condition improved gradually, and thirty-two days after admis- 
sion she was released from the hospital as completely recovered from the 
psychosis. 


Insufficient nourishment and pulmonary and bladder infection were 
in this case debilitating factors of probable significance. Constitutional 
weakness, overwork and financial worries are also to be taken into 
account. It is to be considered, furthermore, that besides bromides the 
patient also took considerable amounts of phenobarbital. 
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INVOLUTIONAL CHANGES AS A_ PREDISPOSING FACTOR 


In the following case psychiatric changes in connection with the 
menopause seem to have complicated the picture of bromide intoxication, 


CasE 14.—C. J., a woman aged 43, was transferred to this hospital from a 
general hospital on July 6, 1937. One brother has been in a mental disease 
hospital for twenty years. About three years previous to admission the patient 
began to suffer from periods of depression, which gradually increased in fre- 
quency and severity. Early in the year of admission menstruation became scanty, 
and at the same time she complained of many disturbances, such as dyspnea, 
vertigo, indigestion and palpitation. In May 1937 she was taken to a general 
hospital, where she expressed ideas of unworthiness and claimed that the food 
was poisoned. She also made a suicidal attempt there. 

On admission to this hospital she was confused and disoriented. She was 
unable to complete sentences. Later she became agitated, and she was fearful 
that she might do something to hurt herself or her children. She refused food 
and often induced vomiting artificially. She appeared to respond to auditory and 
visual hallucinations. 

The results of physical examination were essentially without significance 
except for deafness and a somewhat enlarged heart. 

The bromide levels of the blood serum were 150, 144, 105, 48, 43, 37, 36, 33 
and 24 mg. per hundred cubic centimeters on July 14, 19 and 27 and August 9, 
11, 13, 16, 20 and 25 respectively. ! 

The improvement of the patient was gradual. On Nov. 13, 1937 she was, 
however, sufficiently well to be tried on a visit. On January 15 she reported 
to the hospital for reexamination. She was having short periods of confusion 
and bewilderment and was mildly depressed. 

Early in April of the following year the patient died of burns, sustained 
when her dress caught fire while she was burning some refuse in the back yard. 
While still conscious she stated that this had been accidental. 


The diagnosis of involutional melancholia, which preceded the use 
of bromides in this case and continued after the signs of intoxication 
disappeared, is obvious. Heredity may have been a predisposing factor. 
In view of the fact that the patient suffered from depression and pre- 
viously had made a suicidal attempt, it may be questioned whether her 
death was purely accidental. 


Case 15.—C. R., a woman aged 40, was admitted to this hospital on July 29, 
1938. During the two years preceding her present illness her menstrual periods 
were irregular, the patient having at times menorrhagia and at other times dys- 
menorrhea, which required rest in bed and application of heat. During the same 
period she was restless, irritable and upset and had crying spells. About a year 
prior to admission she went to the outpatient department of a general hospital 
with complaints of blurred vision and headaches, accompanied by “peculiar feel- 
ings.” She received “medicine for her nerves,’ which she was_ taking 
indiscriminately. 

On admission she was restless, incontinent, confused and disoriented. She 
was afraid that the water was poisoned and refused to drink it. She thought 
that her enemies had blinded her boy. She had a rapid heart rate and hyper- 
active reflexes, but no other physical signs. 
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The bromide levels of the blood serum on July 30 and August 11 and 22 
were 254, 60 and 33 mg., respectively, per hundred cubic centimeters. She was 
released from the hospital on Feb. 25, 1939. Clinical examination one year later 
did not reveal any gross signs of psychosis, but she complained of headaches and 
blurred vision and had occasional temper tantrums. 


The complaints preceding and following the bromide episode were 
apparently indicative of early involutional changes. The mental con- 
dition in this case was much milder than that in case 14. 


Case 16—C. P., a man aged 48, was admitted to the Boston Psychopathic 
Hospital on Jan. 27, 1941 and was transferred to this hospital on January 29. 
There was a history of several years’ duration of such complaints as depression, 
“foglike” states, pain about the heart, choking spells, insomnia and fatigability. 
Because of these disturbances, the patient’s business (shoe repair) gradually 
decreased, and finally he sold his shop, two years before his present illness. 
Since that time he had stayed around the house, doing practically nothing. His 
condition became worse. Finally he became confused and excited. There was 
a vague history of the patient’s having taken “pills” for insomnia for two or 
three years. 

On admission he was somewhat confused; his speech was slurred, but relevant 
and coherent. He was apprehensive and bewildered. He had paranoid notions 
that people were trying to harm him and that they were speaking about him in 
a sexually insulting and profane manner. 

Neurologically, he showed dilated pupils, which reacted poorly to light, tremor 
of the fingers, some swaying on performance of the Romberg test and moderate 
dysdiadokokinesis. On January 31 the bromide level of the blood serum was 
112 mg. per hundred cubic centimeters. 

There was rapid clearing of all neurologic signs and signs of psychosis, but 
the hypochondriacal complaints persisted. He was released on a year’s trial 
visit as improved on March 2, 1941. 


The complaints preceding the incidence of bromide intoxication, 
and in part persisting after the clearing up of this condition, were 
clearly related to involutional changes. 


Case 17.—L. L., a woman aged 46, was admitted to this hospital on Sept. 11, 
1937. Her father was alcoholic and died of tuberculosis. The patient had tuber- 
culosis of the spine at the age of 12 years. When she was 20 she began to 
“run about with a ‘wild bunch of men.’” She also began to take various drugs. 
In 1919 she made a suicidal attempt and was admitted to this hospital. At that 
time a diagnosis of psychosis due to morphinism was made. Not much was 
known about her adjustment in subsequent years except that in 1922 she had an 
illegitimate pregnancy and she frequently used drugs. 

Six months previous to admission she had amenorrhea. On Sept. 7, 1937 she 
was found in a deep stupor, from which she could not be aroused, and she was 
taken to a general hospital. Four days later she was brought to this hospital. 

On admission she was disoriented and misidentified people. Her memory was 
grossly impaired. She saw black people and an Indian with feathers in his hair 
She expressed the belief that people were trying to kill her. 
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She appeared poorly nourished and severely dehydrated. There were pro- 
nounced kyphosis and scoliosis, deformity of the chest, displacement of the heart 
to the right and a systolic murmur over the base. The tendon reflexes were 
hyperactive. 

The bromide levels of the blood serum on September 15, 20 and 27 were 195, 
151 and 69 mg., respectively, per hundred cubic centimeters. 

On Oct. 7, 1937 the patient was found to have recovered from the acute symp- 
toms of psychosis, and she was discharged on a year’s trial visit. About two 
months after leaving the hospital she complained of “hot flashes,” nervousness 
and prolonged uterine hemorrhages. 

Before the expiration of the year’s trial visit, on July 27, 1938, she was returned 
to this hospital in a state of fear and with vivid hallucinations. The bromide 
levels of the blood serum on July 28 and August 2, 8, 13 and 22, were 327, 321, 
260, 106 and 36 mg., respectively, per hundred cubic centimeters. She was again 
released from the hospital on Aug. 30, 1938. 

Subsequently, the patient had two more admissions to this hospital: one in 
1940, with the diagnosis of “psychosis due to phenobarbital,” and one in 194], 
when the diagnosis was “no psychosis; addiction to amytal.” 


There were many factors of probable etiologic significance in the 
case of this extremely maladjusted woman, so that it is difficult to decide 
which is to be considered the most important. The two episodes of 
bromide intoxication were coincident with the menopause. The follow- 
ing factors have also to be taken into account: (1) poor heredity; (2) 
chronic maladjustment, which may have been largely a reaction to her 
physical deformity; (3) personality change, at the age of 20; (4) 
addiction to various drugs (morphine, amytal, phenobarbital), which 
led to state hospital admissions, in addition to the two bromide episodes, 
and (5) severe physical debilitation with dehydration at the time of 
admission. 

In this group, in which involutional changes are considered as a 
dominant contributing factor, belong the cases of 3 women and 1 man. 
Their ages were beteween 40 and 48 years, with an average of 44.2 
years. The highest readings for the bromides of the blood serum ranged 
from 112 to 254 mg. per hundred cubic centimeters, with an average 
of 160 mg. per hundred cubic centimeters. In case 14 there were 
definite symptoms of involutional melancholia. In cases 15 and 16 
increased fatigability and hypochondriac complaints, such as blurred 
vision and headaches, prevailed. In case 17 the menopausal disturbances 
were somewhat obscured by a number of other pathologic features (psy- 
chopathic personality ; drug addiction). 


RELATIVELY UNCOMPLICATED BROMIDE INTOXICATION 


The remaining 4 cases fall into this group. Although a psychiatrically 
significant condition was present in each case, the relation of such a 
condition to the symptoms of bromide intoxication, if any, is less clear 
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than in the previously reported cases. Brief summaries of these cases 
are now given. 


CasE 18—M. C., a woman aged 31, was admitted to the Boston Psycho- 
pathic Hospital on Sept. 29, 1941 and was transferred to this hospital on Octo- 
ber 7. The patient had had epileptic seizures since infancy. She had been treated 
with phenobarbital and dilantin, to which a few months before admission bromide 
was added. She took the latter in solution, without measuring the dose. Before her 
admission to the hospital she was noted to be bumping into furniture. Then she 
became confused and had auditory and visual hallucinations. 

The bromide levels of the blood serum on October 2, 11, 17, 27 and 31 were 
310, 199, 116, 60 and 35 mg., respectively, per hundred cubic centimeters. On admis- 
sion she was fearful and spoke in an incohorent fashion, stating that people were 
accusing her of sexual misbehavior. Her condition cleared rapidly. On Novem- 
ber 8 she was completely recovered from the psychosis and was released from 
the hospital. While she was out of the hospital she had frequent seizures and 
was treated again with bromides. The only untoward signs she observed were 
itching of the palms and soles and acne-like eruptions on her face and neck. 


In this case the toxic effect of the bromide was the outstanding 
factor. The bromide level of the blood serum three days after admis- 
sion was still 310 mg. per hundred cubic centimeters. It is questionable 
whether or not epilepsy can be regarded as an important contributing 
factor. Some authors claim that epileptic persons have a greater than 
normal tolerance for bromides.? On the other hand, confusion and 
twilight states are frequent in cases of epilepsy, and it may be difficult 
to differentiate clearly these symptoms from those of a bromide intox- 
ication. 


Case 19.—A. L., a woman aged 28, was admitted to this hospital on Aug. 28, 
1938. Data on the past history were scanty. She was married ten years ago, 
but for the past five years she had been going out openly with another man. 
Ten months ago she was separated from her husband. She had 1 living child 
and had had 1 stillbirth and 1 miscarriage. She had been a heavy user of bromo- 
seltzer (a preparation containing sodium bromide, acetanilid and caffeine) for the 
last nine years. Three or four weeks previous to admission she was observed 
to be acting queerly. Her walk was staggering, and her speech became difficult 
to understand. She expressed the belief that the neighbors were calling her 
evil names. 

On August 21 she was taken to a general hospital, where there developed the 
delusion that she was being framed and she became wildly excited. 

On admission to this hospital she was ataxic and confused and talked inco- 
herently in a husky voice. She was fearful and expressed the belief that she 
was going to die. She was disoriented, and her memory was defective. 

The bromide levels of the blood serum on August 24, 30 and 31 and on 
September 6 were 247, 129, 46 and 0 mg., respectively, per hundred cubic centi- 
meters. On admission large amounts of bromide were found in the gastric con- 


2. Bing, R.: Textbook of Nervous Diseases, St. Louis, C. V. Mosby Com- 
pany, 1939, pp. 711-713. Novick, R. G.: Study of the Treatment of Epilepsy, 
Illinois M. J. 74:366-369, 1938. 
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tents. Two weeks after admission to this hospital her condition was completely 
clear. She was discharged from the hospital on Sept. 25, 1941, as recovered. 


There is sufficient indication of neurotic difficulties in this case, but 
the relation of these disturbances to susceptibility to bromides is 
questionable. 


Case 20.—E. D., a woman aged 37, was transferred from a general hospital 
to this hospital on Sept. 20, 1940. Since the beginning of August 1940 the 
patient had nursed her sick husband, staying up nights. In addition, she had to 
take care of the household and the children. She began to take Stanback tablets, 
each tablet containing 7 grains (0.46 Gm.) of potassium bromide. About Sep- 
tember 10, according to one report, she took 50 tablets (22.7 Gm.) within three 
days and, according to another, 300 tablets (136.5 Gm.) within one week. She 
became drowsy, and on September 12 she was taken to a general hospital, where. 
she became confused and hallucinated. 

On admission to this hospital the patient appeared ill and exhausted. Speech 
was retarded and slurred, and the gait was unsteady. She was somewhat dis- 
oriented, but there was no evidence of hallucinations. Her face and neck were 
covered with an acne-like eruption. The deep tendon reflexes were hyperactive, 
and there was a positive Romberg sign. 

The bromide levels of the blood on September 21 and 26 and October 18 were 
199, 98 and 64 mg., respectively, per hundred cubic centimeters. 

One week after admission all physical and mental symptoms had subsided. 
She was discharged from the hospital as recovered on October 23. 


This case appears to be one of uncomplicated bromide intoxication. 


Case 21—E. B., a woman aged 45, was brought to this hospital from a 
general hospital on April 14, 1939. The patient had always been an unstable 
person, subject to severe emotional upsets. At the beginning of March 1939 she 
was restless, suffered from headaches and received some bromides. On March 
10 her headaches were diagnosed as due to sinus trouble, and she was admitted 
to a general hospital. There she received three bromides (dose not stated). 
During the last week there the tentative diagnosis of “psychosis on an organic 
basis, with diffuse cerebrospinal lesions” was made, and she was referred to this 
hospital. 

On admission she appeared drowsy and spoke in a monotonous voice, with 
some tendency to incoherence and irrelevance. Her mood was that of depression. 
She stated that people were accusing her of having an illegitimate child. She 
was hallucinated and saw biblical scenes. She was only partially oriented, and 
her memory was defective. 

Neurologically, she had spells of strabism and ptosis of the eyelids, which 
disappeared. The tendon reflexes were somewhat diminished. 

The bromide levels of the blood serum on April 17, 20, 21, 22 and 25 and on 
May 1 and 8 were 269, 207, 171, 56, 54, 22 and 0 mg,, respectively, per hundred 
cubic centimeters. 

There was gradual improvement in the patient’s condition. On May 16, 1939 
she was approved for one year’s trial visit. By that time she was completely 
clear. 


No definite relationship appeared to exist between the complaints 
preceding bromide intoxication and the psychotic episode. 
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Of the 4 patients in this group, 3 were women and 1 was a man. 
They belonged to a younger age group than did the other patients of this 
study, their ages ranging from 28 to 45 years, with an average of 35.2 
years. These 4 patients presented no major gross contributing factors 
comparable to those reported for the other groups. There was indirect 
evidence that in this group the bromide factor may have been more 
important than in the other groups. The averages of the highest 
bromide levels in the blood serum for the major groups with compli- 
cating factors were as follows: arteriosclerosis, 180 mg.; alcoholism, 
170 mg., and involutional changes, 160 mg. per hundred cubic centi- 
meters, while for the present group this value was considerably higher, 
namely, 281 mg. per hundred cubic centimeters. 


COMMENT 

The main purpose of this study is to shed light on the significance 
of predisposing factors in cases of bromide intoxication with psychotic 
symptoms. Before the main topic is discussed, a number of other obser- 
vations gathered from my case material may be mentioned. 

The patients in this series belonged to an age group ranging from 
28 to 75 years, with an average of 49.5 years. This incidence is largely 
in agreement with the figures given by Moore, Sohler and Alexander,* 
who stated that “the greatest incidence of bromide intoxication occurs 
between 40 and 60 years of age.” 

Of the 21 patients, 15 were women, and only 6 were men. Although 
the group is too small to allow one to draw any statistically valid con- 
clusion, the marked prevalence of women in the group is suggestive. A 
similar distribution of the sexes for bromide intoxication has been 
reported in the literature by several authors. Moore, Sohler and 
Alexander,* in reviewing 100 cases of bromide intoxication previously 
reported in the literature, found 64 women and only 36 men. In each 
of my larger subgroups the number of women dominated, with the 
exception of the cases in which alcoholism was a complication. 

The history related to the use of bromides, i. e., the dose and the 
duration of use of the drug, was in most instances rather vague in my 
material. The highest readings of bromide levels in the blood serum 
obtained for the patients ranged from 60 to 400 mg. per hundred cubic 
centimeters, with an average of 201 mg. per hundred cubic centimeters. 
It is, however, to be noted, that these figures do not actually represent 
the highest level ever reached by the patients. Often there was several 
days’ delay in the bromide determination. In addition, several of the 
patients were transferred from general hospitals, and thus the bromide 


3. Moore, M.: Sohler, T., and Alexander, L.: Bromide Intoxication: Review, 
Confinia neurol. 3:1-52, 1940. 
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level was already below the maximum when they arrived at this hospital, 
except for those patients who received additional bromide medication in 
the general hospital. This consideration appears significant in evaluat- 
ing the various statements occurring in the literature with regard to the 
toxic level of bromides in the blood serum. The disagreement which 
exists on this point may be due, in part, to differences in the length of 
time elapsing between the discontinuance of bromide intake and the 
laboratory determination of the bromide level of the blood serum. It is, 
however, safe to assume that the actual toxic level is considerably higher 
than is generally reported in the literature. In most instances it is impos- 
sible to obtain the true peak of the bromide level reached in a given case. 
It would be possible, however, to arrive at an approximate estimate of 
the true peak by making a correction based on the average rate of elimina- 
tion and the time elapsing between the cessation of bromide intake and 
the laboratory test. Granted that the estimated figures are inaccurate, 
such figures would still be more representative and afford. a better basis 
for comparison than the data available in the literature at present. 

The psychotic symptoms in my cases were fairly uniform and con- 
sisted mainly of three types: 


1. Clouding of consciousness (confusion, disorientation and drowsi- 
ness) was the most constant symptom. 


2. Hallucinatory and delusional experiences were present in the 
majority of cases. The hallucinations were visual and auditory, the 
former being somewhat more frequent and more vivid. The delusions 
were never systematized to any exent, and their content almost invari- 
ably referred to a threat to the patient’s life. (“People are trying to 
kill me”; “they are trying to poison me,” etc.) 

3. The emotional reaction was typically that of fear, and occasionally 
that of excitement. 

Of the neurologic signs, thickened speech and ataxic phenomena 
were the most frequent. There were no typical and consistent changes 
in the reflexes in these cases. The tendon reflexes were occasionally 
increased, but at other times they were diminished or unchanged. 

Acneform skin eruptions (“bromide rash”) were observed in only 
a few cases, and, judging from this material, the symptom is far from 
being as characteristic and frequent as some writers have claimed. On 
the other hand, it is possible that such a common lesion is not recorded 
by the physician unless it is of considerable extent. 

The psychiatric picture as described is clearly that of an organic 
psychosis. The differentiation of the symptomatology from that of toxic, 
infectious, metabolic and other organic conditions which are character- 
ized by clouding of consciousness and delirium is hardly possible on 
the basis of the clinical picture alone. The psychiatrist usually feels 
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confident in making a diagnosis of “psychosis due to bromides” only if 
the laboratory tests reveal a sufficiently high bromide level in the blood. 
Even in the latter case, however, often some reservation is made as to 
the final diagnosis pending the results of the therapeutic test. This is, 
indeed, reasonable, since the acute symptoms easily can mask an under- 
lying condition of even greater etiologic significance than the intoxication 
itself. 

In connection with the problem of differential diagnosis, it seemed 
to me worth while to inquire what are the common indications which 
lead the psychiatrist to suspect bromide intoxication in a given case. 
During the five year period to which the present study refers, the physi- 
cians requested bromide determinations in the cases of 83 newly admitted’ 
patients, in addition to the 21 cases which are discussed in this paper. 
An analysis of these cases reveals that bromide determinations were occa- 
sionally requested because it was known that the patient had been 
taking the drug for some time. In most instances, however, the request 
was made because a patient showed clouding of consciousness and 
delirium. The final diagnosis in 31 of the 83 cases was cerebral arterio- 
sclerosis. The patients showed much confusion, disorientation and 
bewilderment. The other cases belonged to the following diagnostic 
categories: psychosis due to drugs (other than bromides, chiefly bar- 
bital), alcoholic hallucinosis, psychosis due to metabolic disease (toxic 
delirium, puerperal psychosis, etc.), psychosis with syphilitic meningo- 
encephalitis, dementia paralytica, involutional melancholia, psychoneu- 
tosis (chiefly hysteria with confusion), schizophrenia (acute catatonic 
states with clouding of consciousness) and manic-depressive psychosis. 


In a survey of the cases in which bromide intoxication was suspected, 
two points stand out clearly: 1. In the great majority of cases the same 
conditions were present which appeared to be predisposing and compli- 
cating factors in the series of the 21 cases in which the diagnosis of psy- 
chosis due to bromides was actually made. In other words, the organic 
reaction types (arteriosclerotic, alcoholic, infectious, toxic, etc.) make up 
a large percentage of the conditions in cases in which bromide intoxica- 
tion is suspected, as well as in cases of actual bromide intoxication. The 
significance of this relationship will be clarified later. 2. In the cases in 
which bromide intoxication was suspected, there were, in addition to 
organic psychosis, a considerable number of functional mental disorders, 
particularly schizophrenia (13 cases), while in my group of 21 cases of 
actual bromide intoxication there was none in which schizophrenic 
psychosis complicated the clinical picture. The reason for this is obvious. 
In cases of schizophrenia, particularly the catatonic type, an initial con- 
fusional picture which somewhat resembles organic delirium is not 
infrequent. During the observation period (ten to forty days), that is, 
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before the official diagnosis is made, the underlying schizophrenic 
symptomatology will almost invariably appear, and thus the first diag- 
nostic impression is corrected before the final diagnostic label is assigned 
to the case. 

In regard to the factors predisposing to bromide intoxication several 
points stand out in the present material. Among the 21 cases reported 
there were only 4 in which gross predisposing factors of definite etio- 
logic significance could not be demonstrated. The predisposing factors, 
only the most outstanding feature in each case being considered, were: 
advanced arteriosclerosis, 5 cases; severe alcoholism, 4 cases; extensive 
necrosis of the brain, 1 case; untreated syphilis, 1 case; severe physical 
debility (acute infection and dehydration), 2 cases, and involutional 
complications, 4 cases. To several of the aforementioned conditions a 
certain etiologic significance for bromide intoxication has been ascribed 
by various authors. Arteriosclerosis was mentioned by Sharpe,‘ Preu, 
Romano and Brown,° Burns,* Howe’ and Wagner and Bunbury’; 
alcoholism, by Burns,® Sharpe,* Hunt,®? Wainwright *° and Diethelm"; 
syphilis, by Wainwright,’® Sharpe,* Burns*® and Diethelm organic 
disease of the brain, by Levin,’* and infections, by Preu, Romano and 
Brown.° 

It is usually assumed that some of the aforementioned conditions are 
predisposing factors in bromide intoxication because of defective renal 
function, which hinders the elimination of bromides. Although this 
explanation may be applicable in certain cases, it is not probable that 
major importance generally can be ascribed to this factor. If the 
decrease of bromide elimination is the main factor, one would expect 
high bromide levels in the blood in these cases. This, however, cannot 
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West. Med. 46:392-395, 1937. 
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State J. Med. 39:31-41, 1939. 
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be substantiated on the basis of my material, since in many cases psy- 
chotic symptoms occurred with moderate elevation of the bromide level 
of the blood serum. 

My data suggest another mechanism for the etiologic significance of 
the aforementioned predisposing conditions. It is remarkable that my 
cases, with the exception of the group with involutional changes, were 
complicated by organic conditions which in themselves may lead to 
organic psychoses with symptoms closely resembling those of bromide 
intoxication. Several of my patients manifested signs of beginning 
organic psychosis. Others showed decidedly at least the organic symp- 
toms of such conditions as are known to be conducive to organic psy- 
chosis. My hypothesis, then, is that there is a synergistic relationship 
between the underlying organic pathology and the phenomena referable 
to bromide intoxication, both leading toward psychotic manifestations 
of the same type. They reenforce each other and lead finally to a picture 
of delirium. In this connection, it is interesting to remember that the 
3 male alcoholic patients in the present series all had previously had 
several incidents of delirium tremens. There may be justification for 
the assumption of Diethelm ** that “certain constitutional make-ups seem 
to react easily with delirium to toxic and organic damages.” 

The foregoing generalization applies to a certain extent, also, to the 
cases with involutional complications. The symptoms of involutional 
psychosis are often confusion, bewilderment, fear and paranoid notions 
and thus are not dissimilar to those seen in bromide intoxication. 

If the present investigation had revealed only that some psychiatric 
condition is almost invariably present in cases of bromide intoxication, 
my results would have been inconclusive. It would have shown only 
the obvious, namely, that bromides are taken largely by persons suffer- 
ing from some nervous or mental disorder. The preexisting conditions 
in our cases, however, were not neuropsychiatric disturbances of any 
type, but conditions which are known to produce by themselves symptoms 
closely resembling those of bromide intoxication. This gives the clue 
to the interpretation previously offered. 

The most striking result of the present study is that gross morbid 
conditions were present in the great majority of the cases and that these 
disturbances were in all instances severe and meaningfully related to the 
psychotic symptoms. This result is the more significant since all such 
cases in which the official diagnostic label indicated some other factor 
complicating bromide intoxication were excluded from this study. That 
the bromide intoxication played a role in bringing about the psychotic 
episode is clear from the fact that the patients recovered from the psy- 
chosis or improved considerably after they were free of bromides. My 
data, however, seem to suggest that a distinct etiologic significance is 
to be ascribed to the preexisting pathologic condition. 
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SUMMARY 


Twenty-one consecutive patients admitted to the Worcester State 
Hospital during a five year period with a condition diagnosed as psy- 
chosis due to bromides were studied from the point of view of underlying 
gross predisposing factors. 

The patients belonged to an age group ranging from 28 to 75 years, 
with an average of 49.5 years. There was a distinct prevalence of women 
in the group (15 women; 6 men). 

The average level of bromides in the blood serum was 201 mg. per 
hundred cubic centimeters, with a range of 60 to 400 mg. per hundred 
cubic centimeters. Attention is called to the fact that this level, as well 
as the toxic levels given by the various authors in the literature, are in 
general considerably below the actual peak. The time elapsing between 
the cessation of bromide intake and the rate of elimination has to be 
considered in order to estimate the true height of the bromide level in 
the blood serum. 

Of the mental symptoms, clouding of consciousness was found to be 
the most constant. Hallucinations and delusions were present in the 
majority of the patients. The delusional ideas referred almost invariably 
to some threat to the patient’s life. The emotional reaction was that of 
fear, and occasionally that of excitement. There were no typical neuro- 
logic changes except thickened speech and ataxic phenomena. Pro- 
nounced “bromide rash” was considerably less frequent than most 
authors have reported. 

In 17 of the 21 patients severe and etiologically significant predis- 
posing factors were present. These were: advanced arteriosclerosis, 5 
patients; severe alcoholism, 4 patients; untreated syphilis, 1 patient; 
necrosis of the brain, 1 patient; physical debility (infection, dehydra- 
tion), 2 patients, and involutional complications, 4 patients. The organic 
lesions in all patients were in a rather advanced stage. Several of these 
patients showed signs of a beginning organic psychosis previous to the 
use of bromides. 

The hypothesis is advanced that there is a synergistic relationship 
between the phenomena referable to bromide intoxication and the under- 
lying organic lesions. 

It is concluded that in the great majority of the cases a distinct 
etiologic significance is to be ascribed to the preexisting pathologic 
conditions. 


Worcester State Hospital. 


MENINGEAL GLIOMATOSIS SECONDARY 
TO INTRAMEDULLARY GLIOMA 


ROMA AMYOT, M.D. 


MONTREAL, CANADA 


Since Ollivier’s* publication in 1837, primary sarcomatosis of the 
meninges, a diffuse infiltration of the cerebral and spinal leptomeninges 
by a tissue chiefly cellular and of sarcomatous appearance, has been 
known. Many observations confirming the existence of such a process 
were published. Then every diffuse neoplastic process in the lepto- 
meninges, apparently primary, was believed to be “sarcomatosis of the 
meninges.” 

Leusden,* in 1898, reported a case of a similar lesion of the lepto- 
meninges, microscopic examination of which showed round cells which 
looked like “sarcomatous cells” but were associated with bundles of 
fibers. Not daring to deny the idea of primary sarcomatosis, Leusden, 
nevertheless, suggested a possible gliomatous participation, and even 
origin, and designated the diffuse meningeal tumor in his case by the 
name of gliosarcoma. 

Gradually, however, the importance of the concept of “sarcomatosis”’ 
diminished. The invasive potentialities of the intracranial glioma were 
increasingly taken into account. It was even concluded that the menin- 
geal dissemination of a jeoplastic process is usually secondary to the 
presence of a glioma and ‘that primary sarcomatosis of the leptomeninges 
is rare. Therefore the idea of secondary meningeal gliomatosis super- 
seded that of so-called primary meningeal sarcomatosis. Verdun * 
contributed greatly to the concept of gliomatosis of the meninges and 
expressed the assumption that the process of gliomatosis spreads in the 
leptomeninges by way of the cerebrospinal fluid after rupture of the 
ependymal surface. 


It must be emphasized that the precise identification of the diffuse 
growth in the meninges was greatly facilitated by the more complete 
knowledge of the microscopic appearance of gliomas. 


From the Hopital Notre-Dame. 
1, Ollivier, C. P.: Traité des maladies de la moelle épiniére, ed. 3, Paris, 
Méquignon-Marvis & fils, 1837, vol. 2, p. 490. 


2. Leusden, P.: Unusual Case of Glioma of the Spinal Cord, Beitr. z. path. 
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By their personal investigations and the histologic survey of cases 
previously recorded, Bailey and Cushing * proved that the majority 
of diffuse gliomas of the meninges are medulloblastomas originating 
in the cerebellum. Thus, according to these authors, the first case 
reported, that of Ollivier, was an instance of meningeal invasion from a 
cerebellar medulloblastoma. But this rule is not without exception, as 
was illustrated in subsequent papers, particularly the interesting publi- 
cation of Cairns and Russell.° These authors reported 8 cases of intra- 
cranial and intraspinal gliomatosis of the meninges, which included 
3 cases of medulloblastoma and 5 cases of other gliomas: 1 astrocytoma 
of the thalamus, 1 of cerebellar ependymoma, 1 of cerebral glioblastoma, 
1 of unclassified glioma and 1 of neuroepithelioma of the retina. Cairns 
and Russell also cited a case of oligodendroglioma reported by Cushing, 
and a case described by Van Wagenen and another by Toppich in 
which the meningeal invasion came from a papilloma. Therefore it 
must be concluded that the intracranial glioma, whatever its histologic 
appearance, and not medulloblastoma alone, can invade the ventricles 
and the subarachnoid spaces and infiltrate the meninges. 


In an excellent paper, Kernohan, Woltman and Adson ® stated: 


The structure of the spinal cord is essentially the same as that of the brain; 
therefore, one would expect at least some similarity among the neoplsams arising 
from them. 


If this is so, one can presume that the intramedullary glioma, shar- 
ing the same characters as the encephalic glioma, is able to invade the 
meninges and give rise to the anatomicoclinical picture of “meningeal 
sarcomatosis.”’ In fact, the phenomenon has been observed. But the 
cases reported are few. 

We could collect only 9 such cases from the literature. Intra- 
medullary glioma is not frequent: Indeed, intramedullary tumors, 
which are not gliomas alone, represent about 22 per cent of intraspinal 
tumors according to Elsberg,’ who reported statistics based on 100 cases 
of his own and collected cases of other authors. In a recent article 


4. Bailey, P., and Cushing, H.: Medulloblastoma Cerebelli: A Common Type 
of Midcerebellar Glioma of Childhood, Arch, Neurol, & Psychiat, 14:192 (Aug.) 
1925; Classification of the Tumors of the Glioma Group on a Histogenic Base 
with a Correlated Study of Prognosis, Philadelphia, J, B. Lippincott Company, 1926, 

5. Cairns, H., and Russell, D. S.: Intracranial and Spinal Metastasis in 
Gliomas of the Brain, Brain §4:377 (Dec.) 1931, 

6. Kernohan, J. W.; Woltman, H. W., and Adson, A, W.: Intra-Medullary 
Tumors of the Spinal Cord: A Review of Fifty-One Cases with an Attempt at 
Histologic Classification, Arch. Neurol, & Psychiat, 25:679 (April) 1931, 

7, Elsberg, C.: Tumors of the Spinal Cord, New York, Paul B. Hoeber, Inc, 
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Rasmussen, Kernohan and Adson,® who observed 557 cases of intra- 
spinal tumor, reported 67 cases of intramedullary neoplasm, mostly 
glioma, an incidence of 11.5 per cent. On the other hand, one can 
assert that meningeal gliomatosis, or the diffuse or nodular meningo- 
ventricular metastasis arising from an intramedullary glioma, is a rare, 
almost an exceptional, phenomenon. Kernohan® observed such a 
process only once in 52 intramedullary tumors which he studied. 

One must not be amazed if the medical literature is not crowded 
with similar cases. The two first cases were reported, we believe, 
by Roux and Paviot *° and by Frankel ** in 1898. The patient of Roux 
and Paviot, aged 45, had a glioma in the cervicothoracic segment of the 
cord; the meningeal infiltration extended as far as the cauda equina. 
There were nodules on the roots, which were surrounded by neoplastic 
tissue. The authors did not mention the condition of the intracranial 
meninges. 

The patient of Frankel, aged 33, had a glioma of the cervical portion 
of the cord. The spinal meninges were invaded down to the cauda 
equina; neoplastic nodules were observed on the roots; the medulla 
was also surrounded by neoplastic tissue and the pia mater of the base 
of the brain was thickened; anisocoria had been observed during the 
last period of the illness, which ended two months after the onset. 

The patient of Fischer,’? aged 8 years, had an intramedullary tumor 
in the lumbar region ; some metastatic growths were observed in the third 
ventricle and in the head of the caudate nucleus; the medulla, the floor 
of the fourth ventricle and the corpora quadrigemina were also infil- 
trated. The patient died eight months after the onset. Clinical exami- 
nation had shown inequality of pupils and bilateral papilledema. 

Schlagenhaufer ** reported the case of a woman aged 37 who had 
a large tumor in the cervical segment of the cord; the cerebral and 
spinal meninges had been infiltrated by the tumor; the ependyma was 
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thickened; there was hydrocephalus, and the cranial nerves were 
embedded in neoplastic masses; optic nerve atrophy, convulsions and 
coma marked the last phase of the illness. 

In the case reported by Grund,'* that of a boy 11 years old, the 
condition was diagnosed as tumor of the brain; a cervical intramedullary 
glioma had infiltrated the cerebral and the spinal meninges; at autopsy 
a diagnosis of tuberculous cerebrospinal meningitis was made, but after 
thorough microscopic examination the correct pathologic diagnosis was 
arrived at. The clinical diagnosis of tumor of the brain was plausible 
in view of the presence of vomiting, frontal headache, asymmetric pupils, 
papilledema, nystagmus, bradycardia and increased intracranial pressure. 
Indeed, an intracranial tumor did exist, but the mistake was with regard 
to the primary location of the tumor, which was the cord and not 
the brain. 

[t must be emphasized here that it was only about 1916 that the 
potential tendency of gliomas of the central nervous system to extend 
was suspected. Besides, those tumors of the nerve parenchyma which 
infiltrate the meninges were persistently designated by the hybrid 
denomination of “gliosarcoma,” used first by Leusden.” The gliomatous 
nature and origin of the infiltrating tumors of the meninges were not 
yet accepted. 

Rutimeyer *° reported the case of a man aged 30 who had noticed 
gradually increasing weakness of both feet with amyotrophy of the legs. 
Three months after his admission to the hospital, vomiting and headache 
appeared ; there was increased pressure of the spinal fluid, detected by 
lumbar and ventricular punctures; the fluid coagulated and contained 
179 cells per cubic millimeter ; autopsy revealed an intramedullary tumor 
in the sacral portion of the cord and neoplastic infiltration of the spinal 
meninges. The anatomic condition of the cerebral meninges was not 
mentioned in the observation. Rutimeyer identified correctly the origin 
of the gliomatosis, having verified that the neoplastic process of the cord 
had invaded the subarachnoid spaces after having pierced the pia mater; 
he recognized also the gliomatous nature of the tumor; however, he 
expressed the belief that the glioma was malignant, a “glioma sarcoma- 
todes.”” The denomination is surely not a bad one. Besides, it 
illustrates how the notion of the nature and origin of the neoplastic dis- 
semination in the meninges evolved in the mind of investigators: It was 
first thought that the diffuse growth was sarcomatosis; Rutimeyer, in 
1920, declared that his case was one of gliomatosis. It came to be 

14. Grund, G.: The Diffuse Extension of Malignant Tumors, Especially Glio- 
sarcoma, in the Leptomeninges, Deutsche Ztschr. f. Nervenh. 31:283, 1906. 

15. Rutimeyer, W.: Glioma Sarcomatoses of Spinal End with Diffuse Glioma- 
tosis of Spinal Leptomeninges, Schweiz. med. Wchnschr. 50:1201 (Dec. 30) 1920. 
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believed, then, that gliomatosis was possible; it is known now that the 
neoplastic infiltration of the meninges is almost always gliomatosis, and 
not a sarcomatous process. 

Kernohan,® of 52 cases of intramedullary tumors, observed infiltra- 
tion of the tumor in the leptomeninges in only 1, and then over a short 
distance upward and downward. The tumor was a medullary oligo- 
dendroglioma. 

Eden *° cited a case of Forster,’* that of a medulloblastoma in the 
lumbar region, which spread through the spinal and even the intracranial 
meninges. 

Eden published the case of a youth aged 19 who had gradually 
progressive paraplegia with decreased sensation; the paraplegia was 
flaccid and later spastic, with complete block of the subarachnoid 
spaces and yellow fluid. Three or four months after onset of the illness, 
the patient felt numbness of the upper limbs and vomited; there devel- 
oped some dysarthria, right hemiparesis with headache and diplopia due 
to weakness of the left external rectus muscle. These troubles vanished 
Laminectomy revealed an intramedullary tumor in the lumbar portion 
and in the conus. ‘The tumor was not removed. Later vision decreased ; 
papilledema was observed, and the patient became deaf and confused ; he 
had convulsions and died about the seventh month of his illness. Autopsy 
showed a gliomatous “exudate,” or growth in the pia-arachnoid over 
the cerebral hemispheres, which was particularly dense over the base 
of the brain and around the spinal cord. This gliomatous tissue sur- 
rounded the nerve roots. In the lumbar portion of the cord the tumor 
replaced entirely the medullary tissue and was continuous with the 
meningeal gelatinous growth. Microscopic examination revealed that the 
gelatinous materia! was tumor tissue infiltrating the leptomeninges and 
invading the sulci of the cerebral cortex, and even the Virchow-Robin 
spaces. It was obvious that the infiltrating process had its origin in 
the intramedullary tumor. 

The multicellular character of this tumor makes it difficult to place it in any 
of the usually accepted classifications of gliomas. Its cellular character suggests 
its inclusion amongst the glioblastoma multiforme group, but the lack of degenera 


tive and characteristic changes in blood vessels seems rather to weigh against this 


We present a case as a typical example of meningeal gliomatosis 
originating from an intramedullary glioma, with regard both to the clini- 
cal picture and evolution and to the anatomicopathologic character. We 
believe that the clinical and pathologic facts reported may contribute to 


the study of meningeal gliomatosis arising from intramedullary glioma. 


16. Eden, K. C.: Dissemination of a Glioma of the Spinal Cord in the Lepté 
meninges, Brain 61:298, 1938. 
17. Forster, E.: Significance of Cell Picture for Diagnosis of Tumors of 


Central Nervous System and Tumors Originating in Meninges, Ztschr. f. d. ges 
Neurol. u. Psychiat. 126:683, 1930 
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REPORT OF A CASE 


Georges G., aged 20, was admitted to Hopital Notre-Dame on April 10, 1937 
for a persistent pain over the sacral region. A suppurative lesion of the right 
foot, which had been present six years and was probably tuberculous, was treated 
by immobilization in a plaster cast; except for this condition, the patient had 
enjoyed good health in the past. 

The present illness, until the patient’s admission to the hospital, had produced 
sensory troubles, mostly pain. The pain was now permanent. 

In November 1936 the patient had an accident, his buttock having been wedged 
by a truck. For the following three days pain was felt over the sacral region. 
Afterward, the pain was present every morning for a few minutes when the 
patient got up. In January 1937 decrease of sensation was noticed over the left 
lower limb, which lasted for about fifteen days, followed by numbness over the 
same region until the time of hospitalization. In February 1937 the pain over 
the sacrum returned; it later decreased but never disappeared. It was still there, 
occasionally being very severe, almost unbearable, and irradiating toward the 
ilium. It was a traction and twitching sensation, which was increased by coughing, 
laughing, bending the trunk and defecation. It prevented the patient from walking. 
The left lower limb felt heavier than the right. There was no disturbance of 
micturition until after a lumbar puncture and injection of iodized poppvseed oil 
in the subarachnoid space, when vesical retention occurred. 

Neurologic Examination.—The spinal muscles on the right side were in per- 
manent contraction. There was no scoliosis and no deformity of the spine, which 
was otherwise stiff. No neurologic signs were noted over the head and upper 
limbs. The abdominal reflexes were present, those on the right being stronger 
perhaps than those on the left. No cremasteric reflex was elicited. Percussion over 
the sacrum and the fifth lumbar vertebra was painful. 

Lower Limbs—Motor power was normal. Pressure on the left crural nerve 
at the level of the groin was painful. The Laségue and Bonnet signs were not 
elicited. 

The anterior muscle group of the leit thigh was slightly atrophic. The left 
patellar reflex was abolished; the right was exaggerated. The left ankle reflex was 
weaker than the right, which was normal. The right plantar reflex was normal; 
the left was absent. Sensation to touch was normal. Sensations to temperature 
and pain were abolished over the inner half of the left leg and the left: foot. 
Sensation to position was normal. Sensation to vibration was decreased over the 
left leg and the left foot. 

Lumbar Puncture—The first puncture showed a pressure of 200 mm. (with 
the patient lying down), which rose to 220 mm. on jugular compression and to 
350 mm. on abdominal compression and fell to 130 mm. after 10 cc. of fluid had 
flowed out. The fluid was normal except for a doubtful reaction to the Pandy 
test. A second puncture, done a month later, showed a pressure of 80 mm., which 
remained the same on jugular compression but rose to 180 mm. on abdominal 
compression and fell to zero after 3 cc. of fluid had flowed out. The protein 
content was 0.04 mg. per hundred cubic centimeters, and the cell count was 
11 per cubic millimeter (the second puncture was done about fifteen days after 
the injection of the poppyseed oil). 

Subarachnoid Injection of Iodized Poppyseed Oil—On injection of iodized 
poppyseed oil into the spinal canal between the twelfth thoracic and the first lumbar 
vertebra, the oil flowed down freely to the sacral region. When the patient was 
placed head down on the x-ray table, one could see the oil moving down to the 
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twelfth thoracic level, where it stopped and took a trident-like form. One-half 
cubic centimeter of iodized poppyseed oil, injected in the subarachnoid space between 
the seventh cervical and the first thoracic segment, remained at this level and was 
still there three months later. 


Operation.—Laminectomy was performed by Dr. William Cone, of the Montreal 
Neurological Institute. A medullary tumor was observed at the level of the 
eleventh and twelfth thoracic segments; it had a gliomatous appearance, was 
infiltrating and diffuse and invaded the subarachnoid space in situ. Dr. Cone 
carefully removed part of the tumor by suction and curettage. 

Svolution—Immediate improvement followed the operation; the vesical reten- 
tion and the subarachnoid block disappeared. Roentgenologic treatment was given 
over the spine from the ninth to the twelfth thoracic vertebra, the total dose 
being 3,000 r. 

Examination twenty days after operation revealed no pain and normal mictu- 
rition. Genital erections, which had been absent for the last two months, had 
returned. The patient could turn himself in his bed and bend his head without 
pain. The neurologic signs, however, remained the same. He left the hospital 
but was readmitted three months later. He died ten months after the operation 
and seventeen months after the onset of the illness. 

During the second hospitalization both lower limbs became completely paralyzed, 
and an area of total anesthesia extended to the ninth thoracic segment. One 
could observe progressive amyotrophy of the limbs. The pain came back; it was 
occasionally violent and felt over the sacrum, radiating toward both ilia and both 
lateral aspects of the abdomen. 

Later, an intracranial pressure syndrome, consisting of headache, bilateral 
papilledema, slow pulse, transitory palsy of both sixth cranial nerves and mental 
confusion with onirism, was observed. The pressure of the fluid was 250 and 400 
mm. on two occasions. 


Clinical Summary.—Rapidly progressive and extensive paraplegia in a patient 
aged 20, having its onset with sacral pain, was due to an intramedullary tumor of 
the lumbar segment, which infiltrated the subarachnoid space in situ and could 
be observed after laminectomy. The growth was partially removed. Subarachnoid 
block was present, with the lower level at the twelfth thoracic segment. During 
the last months of the illness an intracranial pressure syndrome developed. 


Macroscopic Appearance of the Tumor—The lower extremity of the specimen 
was formed by the cauda equina, of which the nerves, free for a distance of 3 cm., 
were, at an upper level, surrounded by a growth molded on the anterior aspect 
of the spinal canal. This growth had a length of 7 cm. and was located in the 
sacrolumbar region. It budded backward as far as inside the scar of the surgical 
incision. The tumor was oval in cross section. The anteroposterior axis was 
4 to 6 cm. and the transverse axis 3 cm. The anterior aspect alone was covered 
by the dura mater, which was broken and destroyed over the posterior aspect. 
As the tumor extended upward it was abruptly reduced in size, its outlines 
became more regular and its shape cylindric; it was covered at the upper level 
entirely by the dura mater. Its diameter, which here was 2.5 cm., gradually 
decreased up to the midthoracic region, where the cord, covered by the dura mater, 
was of normal volume. 


Microscopic Examination—Examination of sections made at different levels 
revealed the following lesions: The center of the lumbar growth was necrotic. 
The anterior half of the tumor was bordered by the dura mater, which was rup- 
tured dorsally, the growth pressing the dura laterally. The cord was entirely 
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destroyed. One could assume its previous existence by remnants of pia mater 
and the presence of spinal vessels in the neoplastic mass. The remnants of pia 
mater were well seen on the left side, where they were fixed to the dura mater 
by the dentate ligaments; on the right, they were dislocated; dorsally there were 
none. 

The anterior spinal vessels were enlarged, but not deformed; the posterior 
vessels were displaced. The presence of these vessels embedded in the growth 
led one to believe that the tumor had destroyed the lumbar segment of the cord 
from which it arose and that it had extended throughout the meningeal membranes 
at that level. In a limited area in the middle and anterior portion the growth 
even penetrated the dura mater completely. The dura mater was ruptured backward, 
and the growth invaded the operative wound. Near the upper level of the 
lumbar growth section showed again herniation of the neoplasm backward and 
through the dura mater, which was normal over the anterior and lateral aspects, 
The pia mater was well seen except at the back. The structure of the cord was 
replaced by abnormal tissue, white and dense, similar to that observed in the 
meninges. In numerous areas the pia mater was pierced by bridges of neoplastic 
tissue which united the medullary and the meningeal neoplasm. 


Fig. 1—Pathologic specimen. 


At the level of the lower segment of the thoracic cord, the tumor was sur- 
rounded by the dura mater. The cord was embedded in the growth, and here, 
again, its former location could be identified by the surrounding pia mater. The 
thickness of the meningeal growth in the lower portion was twice or three times 
that in the upper portion. 

In the middle and upper thoracic regions, the cord was present and apparently 
normal. The meningeal infiltration by the tumor surrounded the cord entirely; 
it decreased gradually upward and could not be seen with the naked eye in the 
cervical region. 

Summary of Pathologic Observations—A tumor arose in the lumbar portion 
of the cord, which entirely replaced the parenchymatous tissue in the lumbar and 
the lower half of the thoracic region. This portion of the tumor was 15 to 16 cm. 
long. The glioma invaded the leptomeninges all around the cord up to the cervical 
level and extended downward to surround partially the nerves of the cauda equina. 
Thus, the meningeal growth formed around the cord a gliomatous sheath, which 
was 23 to 24 cm. long. In the lumbar region the glioma had ruptured the dura 
r a distance of 8 cm., and thus formed an important growth, which 


backward fc 
penetrated the surgical wound. The anterior portion of the dura was only locally 
invaded. 

Microscopic Appearance of Neoplasm—The tumor presented three structural 
types with all forms of transition: (1) an extremely fibrillar and fasciculate astro- 


; 


Fig. 2—Schematic drawing of the medullary tumor. At left: Lateral appear- 
ance of the cord. The tumor was located in the lumbar segment of the cord 
and extended backward through the ruptured dura mater; it partially invaded 
and surrounded the nerves of the cauda equina. The dura was distended in the 
thoracic region, but was not ruptured. The distention gradually decreased in the 
upper thoracic region. 

The dotted lines indicate levels at which the transverse sections were taken for 
histologic examination. 

At right: schematic drawing of the transverse sections. ‘The glioma is indi- 
cated in gray. In the three lower drawings, the dotted lines show the situation 
of remnants of the pia. In the two upper drawings the pia mater is normal. The 
neoplastic tissue fills the subarachnoid space. 
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cytoma; (2) a fibrillar and reticular astrocytoma, and (3) a neoplasm with round 
and undifferentiated cells. These three types were diversely distributed at the dif- 
ferent levels of the tumor. 

Lower Lumbar Portion of Tumor: The large mass in the lumbar enlargement 
of the cord had a necrotic center, around which the neoplasm was entirely fibrillar 
and fasciculate (type 1). Some vessels with thick and fibrous walls crossed the 
neoplastic tissue. The spaces between the vessels were filled with neuroglial 
fibers, which stained easily and were very dense and were grouped in bundles, 
passing in every direction. In spots, the fibrils were normally implanted on the 
vascular walls and radiated around the vessels. The nuclei were scattered in the 
fibrillar tissue, and the cytoplasm of the astrocytes could hardly be seen. How- 
ever, some ameboid gliocytes could be observed here and there. The deep region 
of the neoplasm was surrounded by another, which had a grossly alveolar appear- 


Fig. 3—Lower thoracic region. P indicates the pia mater. The lower portion 
of the photomicrograph shows the infiltrated portion of the cord. The light spots 
are the granular corpuscles. The upper portion shows the lacunas of the arachnoid 
filled and distended with extensions of fibrous glioma. 

Glial bundles pierce the pia here and there and join the medullary and the 
meningeal portion of the glioma. 


ance (type 2). Here, the neoplastic tissue was crossed and divided by fibrous 
tracts into more or less thick bundles. The glial fibers were less numerous, and 
their arrangement was less precise; they gradually lost their parallel formation and 
appeared as a more or less loose thread. The glial fibrils were less numerous than 
the nuclei. The nuclei were round and regular, and the stellar cytoplasm was 
easily stained. This alveolar tissue, poor in glial fibrils and rich in cells, filled 
the space between the remnants of the pia and the dura, i. e., the whole of the 
arachnoid. It embedded the anterior roots without invading them; it infiltrated 
the posterior roots and produced dissociation of their myelinated fibers. 
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Upper Lumbar Portion and Lower Thoracic Portion of Tumor: Here, the 
histologic appearance of the tumor was of type 2: reticular in the cord and 
reticular and alveolar at the periphery, where it invaded the leptomeninges. These 
two reticular masses were joined together by neuroglial tracts (type 1), which 
pierced the pia at many spots. In fact, the pia was like a skimmer, through 
every hole of which passed a glial tract (fig. 3). The areas where the posterior 
roots emerged were dilated by large gliomatous hernias, in which there were no 
myelinated fibers but one could observe granular corpuscles. Undoubtedly the 
presence of these corpuscles was the result of degeneration of the root fibers 
infiltrated by the tumor. 


Fig. 4.—Upper thoracic region. In the lower portion of the figure is the pia 
mater. 

The entire middle portion is occupied by the arachnoid, which contains numerous 
capillaries filled with red cells. In the lacunas of the arachnoid can be seen small, 
free cells with spherical nuclei. These nuclei are either small and dense, like 
lymphocytes, or large and light. 

Some of the larger cells are surrounded by cytoplasm having angular outlines; 
they are young astrocytes. 

Between these young astrocytes and the fibrillar astrocytes which form the other 
part of the tumor all figures of transition can be observed. 

In the upper area is a fibrillar and differentiated gliomatous nodule; it is sur- 
rounded by a mass of angular or lymphocyte-like cells, being on a fair way to 
differentiation. 
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Upper Thoracic Portion of Cord: There was no neoplastic tissue in this portion 
of the cord. Secondary degeneration of tracts was observed. The pia mater was 
not ruptured but was superficially invaded. The gliomatous tissue filled less and 
less the subarachnoid space as it reached the cervical region, where the glioma 
was exclusively meningeal. The growth had a reticular structure (type 2) ; it was 
very cellular and little fibrillar. Here and there, the third structural type of the 
tumor could be seen: in the narrow spaces of the arachnoid near the pia, in 
the interstices of the pia mater and in the dentate ligament (fig. 4). Tissue of 
type 3 was made up of perfectly round cells; some very small and lymphocyte-like; 
others, larger with a dense nucleus, which was surrounded by a basophilic and 
homogeneous cytoplasm. These cells infiltrated the interstices of collagen tissue; 
they were scattered, or gathered together or arranged in rows. In some of these 
groups one could see some cells with angular and less dense cytoplasm and others 
which were decidedly branched and fibrillar. All intermediate forms between the 
undifferentiated, globular cells and the purely glial and reticular bands of cellular 
elements could be seen. 

Condition of the Cord—In the lumbar region nothing remained of the cord. 
In the lower thoracic region one could identify rare nerve cells in stages of 
degeneration amid the glial tissue and numerous granular corpuscles in the area 
of the neoplasm subjacent to the pia. In the upper thoracic region there was 
complete degeneration (Marchi-scarlet red stain) of the Goll, Flechsig, Gowers and 
spinothalamic tracts. The pyramidal and laterolateral tracts were normal. 

Roots: Lumbar region: The anterior roots were embedded, but normal; the 
posterior roots were partially infiltrated. 

Lower thoracic region: The anterior roots were fibrous and embedded; in 
the posterior roots the areas of emergence were invaded; the roots themselves were 
embedded but intact. 

Upper thoracic region: All the roots were embedded but not infiltrated. In 
the posterior roots some figures of wallerian degeneration were noted. 


COMMENT 


Pathologic Observations—This tumor is interesting from many 
angles: its intramedullary origin and its large volume; its notable exten- 
sion to the leptomeninges and even the dura, which was locally destroyed, 
and its predominant structure, which was that of a fibrillar astrocytoma. 
We noted the mature neuroglia cells in the meninges and the continuity 
of the intramedullary and the intrameningeal glial tissue in the caudal 
region of the tumor; so we concluded that we were dealing with a case 
of simultaneous medullary and meningeal gliosis. But we now reject 
that hypothesis: The associated gliosis of the meninges and the nerve 
tissue is a congenital malformation, not a tumor process. The volume 
of the glial growth in our case, which took the place of the tissue of 
the cord and invaded the meninges, led us to believe that it was a 
neoplastic process and that the neoplasm was malignant. But two facts, 
apparently incompatible, had to be conciliated: the nature and structure 
of the neoplastic tissue, which was that of a glioma usually confined to 
the neuraxis, and its diffusion into the meninges. Meningeal gliomatosis 
secondary to intracranial tumor is frequent, and the gliomatosis origi- 
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nating in intramedullary neoplasm is rare. One wonders whether that 
rarity is not more absolute than relative and whether it is not due 
chiefly to the histologic type of the medullary tumors and to their 
infrequent occurrence. The majority of the encephalic gliomas which 
invade the meninges are medulloblastomas. ‘Theoretically, the medullo- 
blastoma arises only in the cerebellum, since medulloblasts are to be 
seen exclusively in the cerebellum (Kershman). Thus the cord cannot 
give rise to the type of neoplasm which is the most likely to invade the 
meninges. Therefore only the histologic types similar to the intracranial 
gliomas which do not or very seldom invade the meninges are observed 
in the cord. 

One can easily explain the paradox of the expansive tendency of 
the tumor and its astrocytic and fibrillar structure. As has been 
stated, the tumor did not invade the meninges by means of its astrocytic 
components, but by cells which were free and undifferentiated. One 
could qualify them as lymphocytes, medulloblasts or apolar glioblasts ; 
it was their maturation in situ and their transformation into astrocytes 
which indicate their glial nature. The same phenomenon occurred here 
as in cancer of other tissues. In the case of epidermal carcinoma, for 
instance, invasion is executed by undifferentiated cellular elements. 
It is only when those undifferentiated cells have set themselves in the 
connective tissue, only after their multiplication in situ, that they become 
differentiated, malpighian and corneous. 

The differentiated cells permit one to determine precisely the nature 
and origin of the tumor, but they are not the active and aggressive 
elements of the neoplasm. In short, if a tumor in its older parts is a 
typical fibrillar astrocytoma, with mature and quiescent elements, its 
malignancy depends on the undifferentiated cells which infiltrate the 
meninges, like the cancerous cells. 

Thus, the neoplasm grows by the migration of its undifferentiated 
cells, that is, according to a process of extension. It grows also by the 
multiplication in situ, in conquered soil, of the same cells, i. e., by a 
process of expansion; these cells become mature and increase at the 
same time their mass and their fibrillar apparatus. It is probable that 
the process of infiltration by the free cells, which could be observed 
in the upper thoracic meninges, had been going on since the onset of 
evolution of the tumor. Those cells were the malignant elements of 
the glioma, and the prodigious diffusion in the meninges and the roots 
was due to their activity. 

What should be the denomination of the tumor? To designate it, as is 
frequently done, according to the prevalent cellular configuration, that 
is, as a fibrillar astrocytoma, would be orthodox, but it would not be 
precise with regard to the aggressive character of this tumor. On account 
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of the polymorphic and malignant character of the glioma, it could 
be named glioblastoma multiforme, as Eden was tempted to do in the 
case of a similar tumor he recently reported. But the denomination 
would, again, be incorrect. In the glioblastoma multiforme all sizes 
of cells are anarchically arranged; besides, this type of glioma js 
distinguished chiefly by atypical and monstrous glia cells and by 
telangiectatic and proliferating vessels. Nothing of the kind was noted 
in our glioma: The invading cells were not atypical or monstrous: 
they were undifferentiated, and the multiple forms of the “installed” 
cells represented the successive stages of their astrocytic maturation; 
moreover, the vessels were almost rectilinear and without any endo- 
thelial mitosis. 

We believe that in the case of this tumor, as in that of every tumor 
of the central nervous system, one should designate the neoplasm by 
a name which refers primarily to the cellular element of origin and 
secondarily to the degree of maturation reached by the descendants 
of that element. The name “malignant glioblastoma with astrocytic 
evolution” is the only one which sums up the morphologic and evolutive 
characters of our tumor. 

Clinical Observations.—The survey of the observations published in 
cases of gliomatosis arising from an intramedullary tumor and the 
clinical study of our case show that the signs of an intracranial pressure 
syndrome are usually the first and the obvious clinical indication of the 
neoplastic invasion of the meninges. One wonders why the neoplastic 
metastasis in the meninges does not more often produce radicular pains, 
meningeal irritation and signs of motor inhibition. 

If one does not know that an intramedullary glioma can invade 
the leptomeninges, one is likely to miss the diagnosis of secondary 
gliomatosis, even if there are signs of intracranial pressure. However, 
in some cases of meningeal metastasis from an intracranial glioma, 
root pains, signs of meningeal irritation and absence of some tendon 
reflexes were observed. But meningoradicular manifestations can more 
easily be elicited from patients having a normal cord than from those 
who have a medullary tumor producing neurologic signs over the limbs 
and trunk before the appearance of any complication. Most often one 
observes, without any definite transition, signs which indicate an intra- 
cranial lesion, such as intracranial pressure syndrome or paralysis of 
some of the cranial nerves. The asymmetry of the pupils reported in 
older observations must be regarded as. a sign of such intracranial 
extension of the gliomatous process. 

Firor and Ford?* emphasized the frequency of functional dis- 
turbances of the eighth cranial nerve, and even of paralysis of some 


18. Firor, N. M., and Ford, F. R.: Gliomatosis of the Leptomeninges, Bull. 
Johns Hopkins Hosp. 35:108 (April) 1924. 
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other cranial nerves. But the important paper of Ford and Firor,’® 
containing 4 personal observations and a résumé of 28 others collected 
from the literature, referred to the meningeal infiltration from intra- 
cranial tumors; in only 1 case was the primary location of the neoplasm 
in the cord. The invasion of the intracranial meninges in those cases 
was more rapid and severe, and this fact may explain the higher 
incidence of paralysis of some cranial nerves. 

The intracranial pressure was doubtless due to the block in the 
cisterns at the base of the brain and to the decreased absorption of 
the fluid into the venous sinuses. One might also wonder whether the 
severe infiltration of the spinal meninges would not increase the intra- 
cranial pressure by the mechanism of eliminating the spinal circulation, 
and even absorption of the fluid. That is not probable in cases of high 
spinal block, caused by tumor, for instance, which does not obviously 
modify the intracranial pressure. Moreover, the meningeal invasion 
by the neoplasm, as was observed in our case (after the operation), 
does not systematically block the spinal subarachnoid space, and even 
then intracranial pressure can be maintained. The intracranial pressure 
syndrome of our patient was the result of extension of the gliomatosis 
toward the brain. Verdun,? who made an important contribution to 
the study of gliomatosis of the meninges, diagnosed the secondary 
meningeal invasion in a case of cerebral glioma by discovering neoplastic 
cells in the fluid. This diagnostic procedure can be used with a greater 
accuracy since Forster ** has described a precise method of identifying 
the neoplastic cells in the fluid. By this means one can assert with 
conviction that the gliomatous process has already invaded the meninges, 
before any clinical signs or symptoms can be elicited. 

In some cases the operation facilitates the meningeal invasion. But 
we must emphasize that in our case the infiltration existed before the 
surgical exploration. 

SUMMARY 


Whatever the appearance of an intramedullary glioma by which its 
embryonic age can be assumed, the glial neoplasm is exceptionally 
capable, after a few months of apparent evolution, of invading the lepto- 
meninges and of extending toward the encephalon, where it produces 
an intracranial pressure syndrome and neurologic signs of cranial nerve 
lesions. 

A typical case of meningeal gliomatosis is reported. 

Prof. Pierre Masson made available to me the drawing, the photomicrographs 


and his pathologic observations in this case and advised me with regard to the 
pathologic study. 


454 Est, Rue Sherbrooke. 


19. Ford, F. R., and Firor, N. W.: Primary “Sarcomatosis” of the Lepto- 
meninges, Bull. Johns Hopkins Hosp. 35:65 (March) 1924. 


SEQUELS OF EQUINE ENCEPHALOMYELITIS 


H. H. NORAN, M.D. 
AND 
A. B. BAKER, M.D. 


MINNEAPOLIS 


Whenever a new disease of the nervous system is identified, one of 
the most commonly used criteria of its seriousness is the fatality rate in a 
large series of cases. This is by no means the best measure of the 
resulting damage, since even in cases of recovery there may occur physical 
and mental residuals which in themselves may be as disastrous as the 
fatalities. However, in order adequately to evaluate such sequelae, it 
becomes necessary to follow a large number of cases over a period of 
years. Such a study has, as yet, not been attempted for equine encephalo- 
myelitis, since the actual recognition of this disease in man has been 
relatively recent. Even its absolute identification in horses did not occur 
until 1931, when Meyer and his co-workers * isolated a virus as the 
etiologic agent. Since the recognition of the equine virus and the dis- 
covery that neutralizing antibodies appear in the serums of convalescing 
and recovered patients, much progress has been made in the clinical 
identification of this illness in man. It has become increasingly apparent 
that this disease is indeed widespread throughout the United States and 
Canada. The western variety particularly has been prevalent in the 
midwestern states for many years, and its incidence has been increasing 
at an amazing rate. In the summer of 1941 an outbreak of the disease 
in man produced one of the largest local epidemics known in the United 
States. The mortality rate in this epidemic was not high, varying 
between 10 to 15 per cent, as compared with 75 to 90 per cent reported 
for the eastern variety of the disease. This mortality rate, however, 
does not necessarily offer a true evaluation of the gravity of the illness, 
since residuals may make the outlook even in the cases of recovery much 
more guarded and less optimistic. That actual damage to the brain does 
occur during the acute stages of even the milder western variety of this 
disease has been proved beyond a doubt by some of the more recent 
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1. Meyer, K. F.; Haring, C. M., and Howitt, B. F.: The Etiology of Epi- 
zootic Encephalitis of Horses in the San Joaquin Valley, 1930, Science 74:227, 
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publications (Baker and Noran,* Weil and Breslich*). Lesions appear 
throughout the nervous system and consist of focal, diffuse and peri- 
vascular infiltrations of polymorphonuclear leukocytes and mono- 
nuclears, vascular thrombi and endothelial proliferation with vascular 
occlusion, as well as scattered areas of demyelination. The destruction 
of myelin is often complete, with the formation of softened areas filled 
with scavenger cells or of actual cysts. Petechiae occasionally are 
present and are of sufficient magnitude to result in destruction of tissue. 
In cases of the eastern variety the lesions are reported as being some- 
what similar but more severe, with greater injury to nerve cells and less 
alteration of myelin (Wesselhoeft * and Farber ° and their associates). 

Although the pathologic changes so far reported have been based 
on cases in which death took place during the acute phase of the illness, 
it is logical to assume that similar lesions, even though less severe, must 
occur in some cases in which there is apparent recovery. One feels 
justified, therefore, in predicting that in some such cases cerebral damage 
of a temporary, or even permanent, nature must result. If these 
alterations are progressive or involve important functional areas of the 
nervous system, definite clinical changes of a physical or mental nature 
will eventuate. The less obvious sequels, naturally, will be overlooked 
unless careful follow-up examinations are undertaken, but the more 
dramatic residuals should certainly begin to attract attention. That 
permanent cerebral damage with sequels does occur in cases of equine 
encephalomyelitis is now beginning to be apparent from a review of the 
literature. It is becoming obvious that at least in children both strains 
of the virus may and do cause permanent and disastrous after-effects. 
Howitt,® in 1939, reported 29 cases in which there was a history of 
encephalitis and the serum contained neutralizing antibodies against the 
western strain of equine encephalitis. In all but 1 of these cases recovery 
occurred, and in 3 there were permanent residuals. In 2 cases the nature 


2. Baker, A. B., and Noran, H. H.: Western Variety of Equine Encepha- 
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3. Weil, A., and Breslich, P. J.: Histopathology of the Central Nervous 
System in the North Dakota Epidemic Encephalitis, J. Neuropath. & Exper. 
Neurol. 1:49, 1942. 

4. Wesselhoeft, C.; Smith, E. C., and Branch, C. F.: Human Encephalitis: 
Eight Fatal Cases, with Four Due to the Virus of Equine Encephalomyelitis, 
J. A. M. A. 111:1735 (Nov. 5) 1938. 

5. Farber, S.; Hill, A.; Connerly, M. L., and Dingle, J. H.: Encephalitis 
in Infants and Children Caused by the Virus of the Eastern Variety of Equine 
Encephalitis, J. A. M. A. 114:1725 (May 4) 1940. 

6. Howitt, B. F.: Viruses of Equine and of St. Louis Encephalitis in Rela- 
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of the residuals was not described, while in the third, two months after 
apparent recovery, persistent convulsions developed. Davis‘ recorded 
2 cases in which western equine encephalitis had permanent residuals, 
In his first case, that of an infant 214 months of age, two months after 
recovery from the acute illness, apparent blindness, deafness, mental 
deterioration and cerebral atrophy, suggested by the overlapping of the 
cranial bones, were noted. In the second case, that of a 3 month old 
infant, left-sided paralysis developed during the acute illness. The left 
arm remained spastic, and mental development was retarded. Four 
years later the child could speak only single words and had an intel- 
ligence quotient of 30. Convulsions had continued at the rate of two to 
three yearly. Samples of the blood at this time still showed neutralizing 
antibodies against the western equine virus. Wynns and Hawley,’ in 
reviewing an epidemic of encephalitis in California involving 102 
persons, described varying sequels which were present within six months 
after the onset of illness. In 6 cases the complaint was weakness and 
inability to carry on vigorous work; in 4, neuritic pains in the limbs; 
in 2, persisting headaches; in 1, impairment of memory, and in 1, 
internal hydrocephalus. Although in these cases the equine virus was 
never absolutely identified as the cause, chiefly because the epidemic 
occurred in 1937, prior to the discovery of the etiologic agent, the nature 
of the illness and its regional occurrence suggest that the disease was 
of the western equine variety. Farber and his associates ° reported a 
study of 8 infants and children who were ill with the eastern strain of 
equine encephalomyelitis. In all cases the infection was identified by 
isolation of the virus, by neutralization tests of the blood or by pathologic 
examination. Of the 8 patients, 5 died and 3 recovered. All the 
children who recovered showed alarming residuals, suggesting extreme 
damage to the nervous system. The first patient, a 1 month old girl, 
after a coma of twenty-one days, still presented spastjcity of all limbs 
at the time of discharge, forty days later. An encephalogram obtained 
after three months revealed pronounced dilatation of the ventricles. Six 
months later the child appeared to be mentally retarded. The second 
patient, an 18 month old girl, had convulsions and paralysis involving 
the right side. An encephalogram made three and a half months later 
showed moderate ventricular enlargement, the child manifesting 
clinically right spastic hemiplegia, partial deafness, impairment of vision 
and mental retardation. The case of the third patient was similar to 

7. Davis, J. H.: Equine Encephalomyelitis (Western Type) in Children, J. 
Pediat. 16:591, 1940. 

8. Wynns, H. L., and Hawley, C. J.: Epidemiology of Epidemic Encephalitis 
in California, Am. J. Pub. Health 29:781, 1939. 
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that of the second, and two months after recovery right-sided paralysis, 
speech difficulty and beginning hydrocephalus were still manifest. 

Platou® described in detail his observations in a case of western 
equine encephalitis occurring in a 5 month old male infant. During the 
three years following recovery from the acute illness, there developed 
convulsive seizures, spasticity of all limbs, atrophy of the optic nerves, 
mental retardation and progressive cerebral atrophy. The child finally 
died at the age of 3 years and 10 months. Through permission of Dr. 
R. V. Platou and Dr. E. J. Engberg we have had the opportunity of 
studying the pathologic changes within the nervous system, and these 
studies form the basis of the present report. The observations are of 
significance, since to our knowledge they represent the first report on 
the chronic end results of infection with the western strain of equine 
encephalitis. That similar, but less severe, changes occur in other cases 
is to be expected when one considers the great similarity of the 
pathologic picture in cases of acute death from this disease. 


REPORT OF A _ CASE 


History.—The history has been described in a previous publication by Platou ® 
and will be only briefly summarized at this time. A white male infant had been 
normal until the age of 4 weeks, when there suddenly developed high fever, 
strabismus and extreme irritability. The temperature remained high for one week, 
and convulsions appeared. Recovery occurred in ten days. After two months 
the infant again began to manifest convulsive seizures of increasing severity with 
spasticity of all limbs. Laboratory studies at this time revealed nothing abnormal, 
but the blood serum showed a high neutralizing titer against the western equine 
virus. An encephalogram showed moderate dilatation of the ventricular system 
with slight widening of the subarachnoid space. Convulsions continued in spite 
of heavy sedation, and because of the extreme mental retardation, the child was 
committed to the School for the Feebleminded at Faribault, Minn. Here the 
course was rapidly downhill. There developed almost continuous opisthotonos 
and spasticity of all limbs, and the child died three and a half years after the 
onset of his acute illness. 

Gross Pathologic Examination—A complete autopsy was performed. The 
significant observations were confined to the central nervous system. Externally, 
the brain measured 12 cm. in length and 12 cm. in width. The cerebral tissues in 
both frontal regions were greatly altered and were so thin as to be almost trans- 
parent. The greatest involvement occurred on the right side, where the destruc- 
tion of tissue extended posteriorly to a point just anterior to the fissure of Rolando 
and inferiorly to the sylvian fissure (fig. 1). The adjacent temporal lobe appeared 
grossly intact. On the left side the involvement was much less extensive and 
appeared to be confined to the medial surface of the frontal lobe, covering only 
the superior frontal gyrus. The rest of the brain appeared intact on external 
examination. 

9, Platou, R. V.: Equine Encephalomyelitis in Infancy, Am. J. Dis. Child. 
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Fig. 1.—Superior view of the cerebral vertex, showing the extensive involve- 
ment of the frontal lobes. The normal convolutional pattern is largely converted 


into a semiopaque membrane of cerebral cortex. 


Fig. 2.—Multiple cystic areas replacing a large portion of the frontal lobes. 
The anterior horn on the right is dilated, while that on the left communicates 
with one of the cystic cavities. Note the profound destruction of the white sub- 


stance and the thinning of the cortex 
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Coronal sections revealed a curious alteration of the brain tissue within the 
frontal regions (fig. 2). The entire right frontal lobe was completely replaced by 
numerous thin-walled cysts. This area of cystic degeneration extended anteriorly 
to the frontal pole and measured 6 by 4.5 cm. in the midfrontal region at the level 
of the anterior border of the corpus striatum. Posteriorly the cystic areas became 
more circumscribed and were limited to the midportions of the medial and superior 
frontal gyri, terminating almost at the fissure of Rolando. These cystic alterations 
extended above the anterior horn and body of the right lateral ventricle but did 
not involve either the ventricle or the basal nuclei. Medially there still remained 
a thin layer of recognizable brain tissue, situated along the medial surface of the 
superior frontal gyrus, while laterally only a thin transparent tissue separated 
the destroyed brain from its overlying membranes. In the left cerebral hemisphere 
the cystic degeneration was much less extensive (fig. 2). It also began at the 
tip of the frontal lobe and extended posteriorly for 7 cm., involving primarily 
the midportion of the superior frontal gyrus, where it destroyed most of the 
cortex, only a thin, semiopaque membrane being left between the brain and the 
meninges. The frontal horn of the left lateral ventricle was directly incorporated 
in this cystic degeneration, which had broken through into the ventricle. The 
body of the left lateral ventricle was moderately enlarged, probably because of 
the shrinkage of the surrounding tissues. The middle and inferior frontal gyri, 
as well as the basal nuclei, on the left appeared grossly uninvolved. 

The corpus callosum was greatly narrowed throughout its entire extent, the 
degree of thinning varying with the amount of alteration of adjacent brain tissue. 
In the region of the genu, where the tissue damage was most extensive, the corpus 
callosum was almost completely destroyed and was represented merely by a thin, 
semiopaque remnant, measuring 1 mm. in thickness. There were also marked 
thinning and partial obliteration of the septum pellucidum in this region. The 
columns of the fornix appeared intact. More posteriorly, at the level of the fissure 
of Rolando and posterior to the regions of the gross tissue damage, the corpus 
callosum increased in thickness. 

The temporal and occipital lobes and the left parietal region appeared grossly 
intact. No lesions were detected in the cerebellum, pons, medulla or cord. The 
larger cerebral vessels were uninvolved. 

Microscopic Examination—Blocks taken from areas throughout the nervous 
system were prepared for study by the following technics: hematoxylin and 
phloxine stain, Nissl’s stain (thionine), Holzer’s stain, Wilder’s glial stain, Bodian’s 
stain for axons, the Turnbull blue method for hemosiderin, Von Kossa’s method 
for calcium, Pal-Weigert’s stain for myelin sheaths, Weil’s method for myelin 
sheaths, Cajal’s gold chloride-mercury bichloride impregnation method for 
astrocytes, Hortega’s silver carbonate method for oligodendroglia and microglia 
and sudan III. 

Frontal Region: The frontal lobes presented a similar histologic picture. 
They were filled with cavities of varying sizes, the walls of which for the most 
part were lined by fibrous glial tissue (fig. 3.4). An occasional cyst appeared 
to be limited by relatively normal-appearing parenchyma. In general the larger 
cavities were empty, while a number of the smaller ones contained scavenger 
cells, some of which were filled with granular blood pigment. Many of these 
cysts were separated from one another merely by a thin band of gliotic brain 
tissue. A number of the cysts had extended into and had replaced the inner 
portion of the overlying cortex, almost extending to the surface of the brain. 
Here only a thin rim of gray matter separated the cavitations from the sub- 
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arachnoid space. This limiting rim of cortex showed complete destruction of 
ganglion cells and nerve fibers, with replacement of much of the tissue by a dense 
glial proliferation, which in places had resulted in a relatively acellular scar 


Fig. 3—A, two cystic areas separated by a thin band of cerebral tissue. The 


overlying cortex is thin and demonstrates absence of its normal cytoarchitecture. 
There is diffuse demyelination. Pal-Weigert stain. 

B. thin rim of cerebral cortex, with complete devastation of ganglion cells. 
There is moderate proliferation of macroglia. Note the perivascular sheath of 
calcification involving two small cortical vessels toward the left of the field 


Hematoxylin and phloxine stain. 
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(fig. 3B). The rest of the frontal cortex also showed most severe, although 
patchy, damage to the nerve cells. The gray matter adjacent to the more severely 
damaged and cystic areas presented rather severe devastation of its neurons, limited 


Fig. 4— 4, striking proliferation of astrocytes. Note the extreme cellularity, 
without a notable increase of neuroglial fibers. Cajal’s gold chloride-mercury 
bichloride impregnation method. 

B, disturbed polarity and lamination of the neurocellular architecture with 
severe structural alterations of the individual neuron cells. Ghost cell formation 


is prominent. Nissl stain. 
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primarily to its inner three layers. These areas of devastation were usually 
replaced by diffuse proliferation of fibrous neuroglia, although they occasionally 
appeared as foci of structureless, acellular tissue (fig. 44). The cortex over- 
lying the less severely involved frontal tissues appeared more intact. Here there 
occurred only patchy involvement of the neurons. Many of the nerve cells were 
shrunken and pyknotic with an alteration in their polarity, and others were swollen 
and chromatolytic, with a few cytoplasmic vacuoles (fig. 4B). An _ occasional 
ghost cell could be observed. In many cells the neurofibrils were fragmented or 
had undergone complete dissolution. In most areas containing the more severely 
damaged elements there had occurred definite astrocytic proliferation. In scat- 
tered regions throughout the involved gray matter there also appeared a slight 
proliferation of microglia and rod cells. Fat granule cells were absent. 

The white matter adjacent to the more extensive areas of cavitation showed 
diffuse demyelination with complete destruction of axis-cylinders. Many of these 
areas of demyelination were already replaced by a relatively complete glial reaction. 
In the lesser involved regions of the frontal lobes there also occurred diffuse 
but irregular and less severe involvement of myelin, manifesting itself merely as 
partial loss of tinctorial properties with beginning swelling of the myelin sheaths 
and formation of vacuoles. The axons frequently showed irregular swellings, 
tortuosity and occasional fragmentation. 

Throughout the frontal lobes mild vascular congestion was seen, but there 
were no petechiae. Particularly within the cortical gray matter the small vessels 
showed relatively pronounced proliferation of the lining endothelium, which had 
in some vessels resulted in a variable degree of attenuation of the lumen (fig. 5 A). 
Moreover, the walls of many of these small vessels were thickened and hyaline. 
Thrombus formation was not observed. Small collections of basophilic granules 
were encountered throughout the frontal regions. These granules stained only 
weakly for iron but strongly for calcium. They frequently encircled small blood 
vessels, producing a perivascular beading and in many instances actual solid 
perivascular collars. In some areas they replaced the entire vessel, even extending 
inward to result in complete occlusion of the lumen and forming a_ spherical 
structure consisting of concentric layers of basophilic material. In certain regions 
the calcium granules occurred free in the parenchyma or even appeared to fill 
a few of the astrocytes and neurons. The degree of tissue calcification showed 
a definite tendency to parallel the severity of the destructive process. 

Temporoparietal Region: No large cavitations were observed grossly in ‘these 
areas. The cortical nerve cells, nevertheless, were severely involved, especially 
in the third and fourth cortical laminas on the right and in the inner three 
laminas on the left. In these regions, interspersed among relatively intact nerve 
cells, were many cells which were either shrunken and pyknotic or swollen and 
hromatolytic. There were also scattered areas of devastation of nerve cells 
situated chiefly around vessels that had undergone severe endothelial hyperplasia 
with occlusion of the lumen. Throughout most of the cortex appeared a mild 
proliferation of astrocytes. In a few locations there were a slight proliferation of 
microglia and a few rod cells. The white substance revealed diffuse, irregular 
demyelination, which extended up to the gray matter but spared the U fibers 
(5B). In addition there were a few perivascular foci of demyelination, some 
of which had resulted in small cystic areas, containing occasional scavenger cells. 
Throughout the diffuse areas of involvement a concurrent glial reaction had 
taken place. 

Vascular congestion was extreme and was associated with a few small peri- 
vascular extravasations of blood. Small foci of calcium granules were also pres- 
ent. These were arranged chiefly along the adventitia of small vessels in a 
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manner similar to that in the frontal lobes. In the adventitia of several medium- 
sized vessels a few mononuclears and granulocytes were discovered, but no actual 
perivascular inflammatory infiltrates were observed. 


Fig. 5—A, small cortical vessel displaying endothelial hyperplasia and resultant 
attenuation of the lumen. Hematoxylin and phloxine stain. 

B, diffuse, partial myelin degeneration in the white matter. The remaining 
myelin sheaths manifest degenerative alterations. Pal-Weigert stain. 


Occipital Region: The alterations in the occipital lobes were similar to those 


seen in the temporal and parietal lobes but were less extensive. Structural altera- 
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tions in the ganglion cells were minimal on the left but somewhat more pro- 
nounced on the right. They consisted only of scattered changes in individual cells 
’ 
chiefly shrinkage and pyknosis. These changes were most evident in the second 


Fig. 6—A, complete calcification and occlusion of the lumen of a small cerebral 
blood vessel. Concentric layers of calcification can be identified. Von Kossa 
method for calcium. 

B, small focal area of demyelination. Note its perivascular location. Weil 
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third and fourth laminas. A few small areas of perivascular destruction of nerve 
cells could be detected. In the outer and middle layers of the cortex of the right 
occipital lobe there were numerous elliptic masses of calcium, representing calci- 
fication within the walls of small blood vessels (fig. 6A). Many of the cortical 
yessels showed mild proliferative endarteritis, with calcium granules deposited 
along the adventitia of a few vessels to form thin perivascular sheaths. 
Throughout the subcortical regions there were irregular, diffuse areas of 
demyelination, ranging from slight loss of staining properties to partial degenera- 
tion of the myelin sheaths, associated with mild to moderate astrocytic prolifera- 


Fig. 7.—Section of the corpus callosum, revealing almost complete destruction 
of axis-cylinders. One of the remaining axons discloses irregularity, swelling and 
early fragmentation. Bodian stain- 


tion (fig. 6B). The axis-cylinders were usually intact but in scattered areas 
showed mild degenerative changes. 

Corpus Callosum: The corpus callosum had undergone extensive degeneration, 
especially in its anterior portion, including the genu, resulting in pronounced 
thinning of this structure. Only a few axis-cylinders could be identified, and 
these were swollen, irregular, pale and tortuous (fig. 7). There was diffuse 
proliferation of the fibrillary neuroglia. 

Basal Ganglia: Structural alteration of the nerve cells was observed through- 
out the basal ganglia; however, no complete devastation had occurred. The 
changes consisted principally of swelling of the cell body, tigrolysis, eccentricity 
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and paling of the nucleus and fragmentation and dissolution of the neurofibrillae. 
Cells undergoing early changes revealed perinuclear chromatolysis. Occasional} 
ganglion cells showed complete loss of their structural architecture, with resulting 
formation of ghost cells. Diffuse, irregular regions of severe degeneration of 
myelin were also present, associated with mild reparative gliosis. In a few 
areas the parenchyma was actually vacuolated, and the glial fibers were relatively 
dense. There were also a few areas of perivascular demyelination. Most of the 
axis-cylinders were intact; however, some disclosed moderate toxic alterations, 
A few mononuclears were seen in the adventitia of several vessels, but infiltration 
was not sufficiently marked to be regarded as unquestionable evidence of inflam- 
mation. Calcium granules were observed along the adventitia of an occasional 
vessel. The neurons of the insula also showed structural alterations. A fey 
scattered foci of atrophy of nerve cells were encountered, especially in the third 
and fourth laminas. Many of the small blood vessels revealed proliferative end- 
arteritis. Along the subependymal regions of the ventricles demyelination and 
glial repair were particularly evident. 

Cerebellum: Widespread atrophy of Purkinje cells had occurred. In many 
of the folia few cells remained. The granular cells, on the other hand, were 
relatively intact. In an occasional region there did occur complete devastation of 
all nerve cells, including both Purkinje and granular cells. In these regions 
there was mild proliferation of astrocytes. The .white matter of the cerebellum 
appeared intact. The neurons of the cerebellar nuclei were not involved. 

Midbrain: The parenchymal elements, including the nucleus of the third nerve, 
the red nucleus and the substantia nigra, showed no noteworthy alterations. How- 
ever, several petechiae were seen. 

Pons: The neurons both in the tegmentum and in the nuclear region mani- 
fested mild structural changes. Some of the cell bodies were swollen and showed 
perinuclear chromatolysis, while others revealed minimal shrinkage and pyknosis. 
Only a few ghost cells were observed. _The myelin and axis-cylinders showed 
no significant abnormalities. An occasional vessel evidenced slight endothelial 
proliferation. 

Medulla: Structural alterations of the nerve cells were somewhat more 
noticeable here than elsewhere in the brain stem. Both the motor and the sensory 
nuclei were involved. In the olives most of the cells showed either swelling and 
chromatolysis or shrinkage and pyknosis. In addition, ghost cell formation was 
not infrequent. 

The myelin showed partial destruction of its staining properties in a narrow 
band along the marginal zone and the subependymal region. Several petechiae 
were discovered in the region of the nuclei of the twelfth cranial nerves. The 
blood vessels, however, did not show any notable changes. 

Cervical Region of Cord: The ganglion cells of the ventral horns contained 
only mild changes, consisting of swelling and partial chromatolysis. A few ghost 
cells were observed. The white substance disclosed moderate swelling of the 
myelin sheaths of the lateral columns and the marginal zone, but actual demyelina- 
tion was not observed. The nerve rootlets showed only minimal changes. The 
myelin sheaths of a few fibers were swollen and showed alterations of the neuro- 
keratin network, with resulting formation of geometric figures. 


COM MENT 


From a summary of the literature and a review of our case, it is 
obvious that the virus of equine encephalomyelitis when infecting man 
is capable of producing extensive destruction of tissue, resulting in 
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permanent and often progressive residuals. Since the actual recognition 
of this disease is relatively recent, it is too early to predict the frequency 
of such sequels. One can safely say, however, that at least in children 
sequelae are not uncommon and may follow infection with either the 
eastern or the western strain. It is interesting that the resulting 
symptoms and signs are remarkably similar in all the recorded cases. 
These consist of convulsions, muscular weakness or paralysis, intellectual 
deterioration and progressive destruction of tissue, as indicated by the 
gradual ventricular enlargement observed in air studies. Since it is 
known from the pathologic studies that the actual injury to tissue 
accompanying the acute western equine infection is not nearly as severe 
as that associated with the eastern variety, it seems unusual that the 
incidence of severe residuals should be so great. In an attempt to find 
an adequate explanation for this occurrence, it might be helpful briefly 
to consider some of the better known neurologic conditions in which 
lesions resemble those observed in cases of chronic equine encephalitis. 
Fundamentally, in our case there had occurred an extensive demyeli- 
nating process with cyst formation and secondary glial reaction. Such 
a pathologic picture resembles in many of its features the lesions seen 
in cases of cerebral anemia or of severe hypoglycemia (Doring,’® 
Kammy,'? Gildea and Cobb,'* Baker **). It is well known that vascular 
occlusion, regardless of the cause, will result in breakdown of the sur- 
rounding tissues, with secondary glial repair. When larger vessels are 
involved and the breakdown of tissue is fairly rapid, the glial elements 
frequently do not invade the destroyed area but proliferate about the 
periphery to produce a glia-lined cyst. Doring*® and Kammy ™ 
described 4 cases in which the patients died days after severe cerebral 
anemia. ‘These investigators observed damage to cerebral nerve cells, 
vascular congestion and many areas of demyelination, which in some 
regions had transformed the brain into a spongy tissue. Cysts are 
frequently observed in the tissues of older persons, in whom cerebral 
arteriosclerosis with vascular occlusion is common. If such vascular 
occlusion were to become widespread, involving many vessels within a 
single lobe of the brain, it is possible to see how extensive cystic 

10. Doring, G.: Cerebral Changes in Delayed Death After Hanging and 
Ligation of the Carotid Artery, Virchows Arch. f. path. Anat. 296:666, 1936. 

1l. Kammy, E.: Beitrag zur Histopathologie und Histogenese der Sauerstoff- 
mangelshadigung der Gewebe mit besonderer Beriicksichtigung des Gehirns, Beitr. 
z. path. Anat. u. z. allg. Path. 100:248, 1938. 

12. Gildea, E. F., and Cobb, S.: The Effects of Anemia on the Cerebral Cor- 
tex of the Cat, Arch. Neurol. & Psychiat. 23:876 (May) 1930. 

13. Baker, A. B.: Cerebral Lesions in Hypoglycemia: II. Some Possibilities 
of Irrevocable Damage from Insulin Shock, Arch. Path. 26:765 (Oct.) 1938; 
Cerebral Damage in Hypoglycemia: A Review, Am. J. Psychiat. 96:109, 1939. 
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degeneration might result, such as occurred in our case. Hypoglycemia, 
which probably also results in circulatory disturbance, characteristically 
produces a pathologic picture similar, in some respects at least, 
to the lesions seen in cases of equine encephalitis. Lindsay and his 
co-workers ** described cystic spaces in the brain of their patient who 
died during a hypoglycemic reaction. In cases of hypoglycemia reported 
by one of us (A. B. B.) large areas of encephalomalacia, demyelination 
and cyst formation were frequent and constant. 

The resemblance of the cerebral lesions associated with chronic 
equine encephalitis to those seen in cases of cerebral anemia and hypo- 
glycemia suggests the possibility that the changes resulting in the equine 
infection might well be on a vascular basis. When one considers the 
vascular changes occurring within the nervous system in cases both of 
acute and of chronic equine encephalitis, it is not difficult to accept such 
a suggestion. In cases of the acute form the smaller arterioles through- 
out the brain show swelling and proliferation of their endothelial lining, 
oiten with complete occlusion of the lumen. Occasionally these small 
vessels are surrounded by both polymorphonuclear leukocytes and 
mononuclears, which invade the vascular wall and, with secondary tissue 
proliferation, result in occlusion. Similar widespread _ proliferative 
endarteritis was observed in our case several years after the acute 
infection. It seems likely that the extensive involvement of small vessels 
could have resulted in localized anemia with patchy cellular and tissue 
damage, changes which would account for the widespread alteration of 
nerve cells throughout the gray matter of the nervous system. The 
irregularity of the cell changes certainly adds weight to such an expla- 
nation. It is more difficult to account for the extensive demyelination 
and cyst formation on a similar basis. However, if one again refers to 
the alterations reported in cases of death from the acute form, it is 
obvious that extensive changes also occur within the larger cerebral 
vessels. These vessels do not show endothelial increase but frequently 
contain pus cells enmeshed within the adventitia. The lumen is ofter 
filled with neutrophils, which appear as a septic thrombus completely 
occluding the vessel. Such involvement of the larger vessels couid 
easily account for the extensive demyelination and cyst formation seen 
with the more chronic form. It is inevitable that such occlusion of 
large vessels should result in extensive damage to the brain, in a manner 
similar to that accompanying any other type of vascular thrombus. 
Signs of acute inflammatory reaction were entirely absent in our case, 
but such elements would naturally tend to disappear after the acute 


14. Lindsay, J. W.; Rice, E. C.; Selinger, M. A., and Mish, K. W.: Protamine 
Insulin as a Contributing Factor in the Death of a Diabetic Patient with Cerebral 
Arteriosclerosis, Ann. Int. Med. 10:1892, 1937. 
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iIness and would probably be absent after a period of years. Therefore, 
when the fundamental pathology of this disease is considered, it is not 
dificult to account for the chronic changes. and it becomes apparent 
why such severe residuals might occur even in the face of a relatively 
mild infection, provided the vascular irritation and damage are 
sufficiently great. ‘The observations certainly point to a hematogenous 
spread of the virus, since the fundamental damage appears to occur 
within the vascular structures. All the other tissue changes could well 
be secondary to such vascular alterations. Further evidence pointing 
to primary vascular damage in this disease is the extensive calcification 
occurring within many of the vessels. Calcification frequently follows 
anumber of degenerative processes within the nervous system, and when 
present suggests some preceding tissue degeneration. No doubt in the 
present case the extensive vascular damage, with occlusion of the lumens 
and ischemia, had resulted in sufficient tissue damage to stimulate the 
extensive calcification observed. 


SUMMARY AND CONCLUSIONS 

A review of the literature demonstrates that neurologic sequels of 
a chronic and ‘progressive nature may follow the acute infection in cases 
of equine encephalomyelitis. 

A clinicopathologic study of such a case is presented. In this case, 
the lesions consisted chiefly of a destructive process which had produced 
multiple glia-lined cavities within the frontal lobes and widespread 
degeneration of the parenchymal elements throughout the brain. Many 
of the vessels were occluded by an endothelial increase or by deposition 
of calcium within their lumens. 

The extensive vascular damage, with occlusion of the lumens and 
ischemia, appears to be the primary cause of the tissue damage in this 
disease and suggests a vascular spread of the virus. 


University of Minnesota Medical School. 
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ATTEMPTS AT TREATMENT OF SCHIZOPHRENIA 
AND OTHER NONEPILEPTIC PSYCHOSES 
WITH DILANTIN 


LOTHAR B. KALINOWSKY, M.D. 
AND 
TRACY J. PUTNAM, M.D. 
NEW YORK 


Not only is dilantin an anticonvulsant but it is capable of producing 
distinct changes of mood. Unlike bromides and phenobarbital, in most 
instances dilantin has a striking effect on psychic equivalents.‘ Blair, 
Bailey and McGregor ° gave special attention to this action and reported 
that most of their epileptic patients became “more cheerful and con- 
genial, less quarrelsome and complaining, and more easily managed.” 
There is evidence that this effect of dilantin is independent of a decrease 
in the number of convulsions, whereas improvement in intelligence and 
performance tests seems to parallel the reduction in the number of convul- 
sions. Ross and Jackson,’ who differentiated carefully between the effect 
of treatment on psychometric tating and that on conduct, mentioned a 
patient whose seizures were controlled by dilantin and who also exhibited 
remarkable improvement in behavior; when dilantin was withdrawn, he 
had no recurrence of convulsions, but he returned fully to his resistive 
manner. 

In view of these results, it seemed appropriate to investigate the possi- 
bility that dilantin might also be capable of influencing mental symptoms 
of other origins. Such an idea seemed conceivable for another reason. 
Gibbs, Gibbs and Lennox ¢ were the first to demonstrate a likeness of the 
cortical dysrhythmia of psychomotor epilepsy to that in some cases of 
From Pilgrim State Hospital, Brentwood, N. Y.; the Neurological Institute 
of New York, and the Department of Neurology, Columbia University College 
of Physicians and Surgeons. 

1. Merritt, H. H., and Putnam, T. J.: Sodium Diphenyl Hydantoinate in 
the Treatment of Convulsive Disorders, J. A. M. A. 111:1068 (Sept. 17) 1938. 
Lennox, W. G.: The Drug Therapy of Epilepsy, ibid. 114:1347 (April 6) 1940. 

2. Blair, D.; Bailey, K. C., and McGregor, J. S.: Treatment of Epilepsy 
with Epanutin, Lancet 2:363, 1939. 

3. Ross, A. T., and Jackson, V.: Dilantin Sodium: Its Influence on Conduct 
and on Psychometric Ratings of Institutionalized Epileptics, Ann. Int. Med. 14: 
770, 1940. 

4. Gibbs, F. A.: Gibbs, E. L., and Lennox, W. G.: The Likeness of the 
Cortical Dysrhythmias of Schizophrenia and Psychomotor Epilepsy, Am. J. Psychiat. 
95:255, 1938. 
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schizophrenia, which might indicate some relationship between the two 
clinical entities. ‘These authors expressed the hope that schizophrenia 
might also be amenable to chemotherapy. 

The present report is based on an attempt at such treatment by means 
of dilantin. Data on 60 cases are presented. A few remarks about the 
procedure are necessary. Although the large material of a state hospital 
was available, it seemed inadvisable to deal with a great number of 
patients simultaneously ; consequently, no more than 4 or 5 patients were 
treated at a time. A special nurse was assigned to give the drug to be 
certain that the patient really swallowed it. All patients who took the 
drug irregularly were excluded from this report. Symptomatic changes, 
as well as final results, were closely observed. It was felt advisable to 
approach the toxic level as nearly as possible, as is usually done in cases 
of epilepsy, in order to be sure to elicit the maximum effect. For this 


Symptomatic Results in Treatment of Sixty Patients with Dilantin 


No. No. 
Greatly Moderately No. 
Syndrome Total No. Improved Improved Unimproved 

Schizophrenia with syndrome of excitement.... 22 4 12 6 
Schizophrenia with catatonic stupor....... 6 0 5 
Other forms of schizophrenia............... vee 13 2 3 8 
Manic-depressive psychosis (manic type)......... 9 5 1 
Manic-depressive psychosis (depressed type)..... iy l 2 2 
Mental deficiency (excitement)................... 1 0 0 1 


reason a careful watch for toxic symptoms was kept. ‘The initial daily 
dose was usually 3 or 4 capsules of 0.1 Gm. each ; after two days this dose 
was increased to 5, and later to 6, capsules. Sodium dilantin was used, 
except with the few patients who had gastric irritation with this drug; ' 
their treatment was continued with the new acid dilantin in oil. The 
duration of treatment was from two to five weeks in this preliminary 
study. None of the patients received any other special treatment during 
the medication with dilantin; psychotherapy and suggestive measures of 
all kinds were purposely omitted. 

The difficulty of judging results in treatment of mental disorders 
is well known. We, therefore, tried to reach a better evaluation of the 
improvement in each patient by observing him for a short period after 
dilantin was discontinued, and subsequently by employing one of the 
shock treatments. This was done in order to see whether the patient 
had a chance of improvement with any of the methods of treatment at 
present available. 

The table classifies the patients treated according to diagnosis in such 
a way as to give information also on what types of the various disease 
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entities showed responses. The results are designated as ‘‘unimproved,” 
“moderately improved” and “greatly improved,’ the classification 
referring not to permanent results but to the condition of the patient 
during and at the end of the period of medication. 

Forty-one patients carried the diagnosis of dementia praecox. It soon 
became obvious that the disturbed patients, especially those in catatonic 
excitement, showed by far the best response. Most patients with catatonic 
stupor were uninfluenced. In patients with other types of dementia 
praecox, especially the paranoid, the results were variable, but, again, 
those with the picture of excitement responded best. Hallucinations 
disappeared in 1 instance only. The patient in this case had vivid 
auditory hallucinations which troubled him considerably. They dis- 
appeared after five days of treatment with dilantin sodium in doses 
which were gradually increased to 0.5 Gm. daily. Treatment was dis- 
continued two weeks later, and the hallucinations reappeared after four 
days. When the patient was again given dilantin, these hallucinations 
disappeared and did not recur as long as he was under treatment. 

In the group with manic-depressive psychosis, patients with manic 
attacks showed by far the best results. Of 9 patients, 5 had complete 
disappearance of manic excitement during the medication. In 2 of these 
5 patients the manic phase was followed immediately by a depression, an 
occurrence which is also frequent in spontaneous remissions of manic 
attacks, as well as in remissions following convulsive treatment. Of the 
remaining manic patients, all but 1 improved slightly. The depressed 
patients within the group with a manic-depressive psychosis and the 
patients with involutional psychosis showed poor results. Closer study 
of the few improved patients in these two groups indicates that only 
disturbed persons with the agitated type of depression reacted favorably. 

Our experience with this group of 60 patients leads to the conclusion 
that the action of dilantin is not limited to a special group of psychiatric 
disorders, but that this drug has a purely symptomatic action on states 
of excitement in various psychoses. This effect is obtained in spite of 
almost complete lack of narcotic action. The improvement was brief 
in most patients after the drug was discontinued. As with epileptic 
patients, they maintained their improvement for one or two days after 
the medication was stopped. In some patients the effect was lasting as 
far as the disturbed phase was concerned. With several patients who 
relapsed, dilantin treatment was resumed again, and the improvement 
recurred. Such observations indicate that dilantin was responsible for 
the achieved symptomatic improvement. It was obvious that in schizo- 
phrenic patients the basic symptoms in the spheres of thought and affect 
remained untouched. However, subsequent electric shock treatment in 
several instances led to a remission after only one convulsion. Usually 
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this improvement takes place only between the fourth and the sixth 
convulsion. Such response to the first convulsion in electric shock treat- 
ment was seen likewise when the convulsive treatment was preceded 
by a course of subconvulsive responses.’ Systematic attempts at medica- 
tion with dilantin prior to shock treatment are planned. 

The resemblance of these results in the major psychoses to the effect 
of dilantin on mental symptoms of epileptics is striking. .In both 
instances the patient’s excitement, aggressiveness and other disturbances 
of behavior are influenced. The psychotic patient with dangerous 
tendencies becomes pleasant and cooperative. Psychomotor hyperactivity 
and overproductiveness are reduced to a more normal level of activity. 
This effect becomes noticeable only after several days of medication, and 
becomes distinct only when the dose approaches the toxic level. The 
more continuous mental changes of the “irritable” epileptic patient are 
influenced only as long as dilantin is given. In the same way, the excite- 
ment of the schizophrenic or the manic patient, being a more continuous 
symptom, will usually reappear a few days after dilantin is discontinued. 
It must be pointed out, however, that there were a few instances of 
lasting symptomatic improvement in schizophrenic patients who remained 
quiet after dilantin had ended the excitement phase. The change was 
also permanent during the period of observation in most manic-depressive 
patients as far as the manic phase was concerned. 


Three short case reports illustrate some of the results. The first 
case represents the usual type of catatonic excitement, which improved 
only as long as dilantin was given, and the second, permanent improve- 
ment of the excitement; the third case is that of a manic patient who 
quieted down under dilantin but entered a depressed phase. 


REPORT OF CASES 

Case 1.—A. A., a white woman aged 34, with a negative family history for 
mental disorders or epilepsy, had the first psychotic episode in 1925, at the age 
of 18. She became acutely disturbed and assaultive and was an inmate of a state 
hospital for five months. The second attack occured in 1931, at the age of 24, 
with mood changes, paranoid trends and misidentification of those about her. She 
assumed bizarre postures and showed mannerisms. This attack lasted nearly one 
year. The present attack started in February 1941. She cried, had delusional 
ideas of jealousy and of reference and finally became resistive and assaultive. 
On admission to the Pilgrim State Hospital on April 2, 1941, she was constantly 
assaultive, soiled and wet herself and talked incoherently. She had to be kept in 
restraint most of the time. 

The diagnosis was dementia praecox, catatonic type. 

Medication with dilantin sodium was initiated on July 1, with 3 capsules of 
0.1 Gm. each. From July 2 to July 5 she had 4 capsules, and from July 6 to 


5. Kalinowsky, L.; Barrera, S. E., and Horwitz, W. A.: The “Petit Mal’ 
Response in Electric Shock Therapy, Am. J. Psychiat. 98:708, 1942. 
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July 20, 5 capsules. Her condition remained unimproved for the first ten days 
and then showed a definite change. She lost all the features of her catatonic 
excitement and was no longer assaultive, but became quiet, cooperative and tidy. 
However, she remained silly and unreasonable, and her thought content was 
unchanged. She was kept under dilantin for ten days after the improvement 
began. She maintained her improvement for one week after the medication was 
discontinued. Then she again became excited and continued to be acutely dis- 
turbed. On August 8 a course of electric shock treatment was initiated: after 
the first convulsion she had a complete remission. She left the hospital on Sept. 
28, 1941 and has been in excellent condition since. 


Case 2.—E. H., a white woman aged 20, with a negative family history for 
mental disorders or epilepsy, showed her first psychotic symptoms in 1939. She 
had delusions of persecution and thought that people were spying on her. She 
was still socially well adjusted. Early in 1941 she began to talk incoherently 
and became manneristic and later unmanageable. On Aug. 27, 1941 she was 
admitted to Pilgrim State Hospital. She presented the syndrome of catatonic 
dementia praecox just described. During her stay in the hospital she became 
acutely disturbed. When treatment with dilantin was initiated, she was so 
agitated that she had to be kept in continuous tubs. 

From September 28 to October 20 she received 4 capsules (0.1 Gm. each) 
of sodium dilantin daily. After only three days of medication she became quiet 
and during the succeeding days lost her mannerisms and became coherent, pleasant 
and cooperative. She maintained this striking improvement not only during the 
treatment but after discontinuance of the medication. Despite this, however, 
she remained seclusive, showed inadequate affect and was underactive and at times 
hallucinated. It was for this reason that she was given a course of twenty electric 
convulsive treatments in November and December 1941. She had a full remis- 
sion and was paroled on Jan. 25, 1942. She has been in good condition since. 


Case 3.—B. S., a white woman aged 46, with a negative family history for 
mental disorders and epilepsy, in 1940 became acutely disturbed, overtalkative 
and overactive. She was admitted to a private institution, where she improved 
only slightly. On May 7, 1941 she was admitted to Pilgrim State Hospital. She 
showed continuous psychomotor agitation, singing, dancing and screaming, and 
was overactive and at times assaultive. There were no delusions or hallucinations. 

The diagnosis was manic-depressive psychosis, manic type. 

On Aug. 18, 1941 medication with sodium dilantin was started. From August 
18 to August 27 she received 4 capsules (0.1 Gm.) daily; from August 28 to 
August 29, 5 capsules, and from August 29 to September 2, 6 capsules. Five 
days after medication was started she became quiet and cooperative. During the 
succeeding days, while she was still receiving 4 capsules of sodium dilantin, her 
condition changed radically. Her facies became sad; she became mute, had to be 
spoon fed and was underactive. She continued in this stupor-like condition when 
the dose of dilantin was increased to 5 or 6 capsules. When medication was 
discontinued, she did not show further change but remained in a depression, which 
later was treated successfully with shock therapy. 


It would be of interest to correlate these therapeutic results with the 
encephalographic features. The incidence of cerebral dysrhythmia in 
cases of schizophrenia has again been shown recently by Finley and 
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Campbell. We are unable at present to report whether or not in 
schizophrenic and manic patients also disappearance of an abnormal 
electroencephalographic rhythm parallels the clinical improvement under 
treatment with dilantin. Since many of our patients were disturbed 
and uncooperative, electroencephalographic studies were hardly possible 
and were, therefore, omitted in this preliminary study. From the stand- 
point of diagnosis it was felt that electroencephalographic records were 
not indispensable because only patients with disturbances representative 
of the various psychoses were selected for treatment. As the majority of 
our disturbed patients benefited from the treatment, it is difficult to 
believe that all of them were “epileptoid.” 

Comparison with other therapeutic procedures shows the striking 
similarity of our results to those reported in cases of prolonged sleep 
treatment with barbiturates. Here, also, the good responses in patients 
with catatonic excitement and manic attacks and the poor response in 
depressed patients have been clear.’ The original explanation offered 
for the effect of prolonged sleep treatment was that it induced rest of 
certain parts of the brain and permitted a better psychologic approach 
to the patient after the period of sleep. Later, however, it was found 
that the depth of the narcosis did not influence the results. Patients 
who never went into a deep sleep benefited from the treatment, and dial 
(diallyl barbituric acid), which produces less sleep, but more often toxic 
symptoms, such as ataxia, was considered superior to other drugs. This 
drug has also been found experimentally to possess anticonvulsant prop- 
More recent workers in this field concluded that the action of the 
so-called narcosis treatment is purely chemical.° 


8 


erties. 


In dilantin treatment the hypnotic action can probably be disregarded. 
Even large doses of sodium dilantin—a patient of Aring and Rosen- 
baum *’ is reported to have taken 40 capsules at one time—do not often 
lead to a noticeable soporific action. This seems to constitute a definite 
superiority of dilantin over narcotics such as barbiturates and scopolamine 
in the treatment of psychotic persons. 

6. Finley, K. H., and Campbell, C. M.: Electroencephalography in Schizo- 
phrenia, Am. J. Psychiat. 98:374, 1941. 

7. Miller, M.: Die Dauernarkose mit fliissigem Dial bei Psychosen, speciel 
bei manisch-depressivem Irresein, Ztschr. f. d. ges. Neurol. u. Psychiat. 107:522, 
1927. 

8. Putnam, T. J., and Merritt, H. H.: Chemistry of Anticonvulsant Drugs, 
Arch. Neurol. & Psychiat. 45:505 (March) 1941. 

9. Meerloo, A. M.: On the Action of Barbituric Acid Compounds: A Con- 
tribution to the Prolonged Narcosis Treatment of Mental Symptoms, J. Ment. 
Sc. 79:336, 1933. 

10. Aring, C. D., and Rosenbaum, M.: Ingestion of Large Doses of Dilantin 
Sodium, Arch. Neurol. & Psychiat. 45:265 (Feb.) 1941. 
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In-addition to the practical use which this preliminary study suggests, 
the results seem of interest for an understanding of the action of dilantin 
in epilepsy. It can be concluded that the efficacy of dilantin in treatment 
of psychic equivalents is in no way specific for epilepsy, unless the con- 
ception of epilepsy is enormously expanded. Dilantin was first recognized 
as an anticonvulsant. The observations reported here demonstrate that 
dilantin has an effect on disturbances of mood, not only in epilepsy but 
in various other types of psychiatric disorders. 

An increasing body of evidence is accumulating in favor of a chemical 
concept of both epilepsy and the major psychoses. Such a concept is 
supported, for example, by many recent electroencephalographic studies. 
Attempts at similar forms of chemical treatment for both groups of dis- 
eases possess theoretic interest and, it appears, some promise of practical 
results. 

SUMMARY 

Sixty psychotic patients, chosen as representing clear and _ typical 
instances of the more important major psychoses, were treated with 
dilantin in doses increased up to the point of tolerance. Improvement 
occurred in over half the patients during the period of treatment. It con- 
sisted usually of diminution of excitement and irritability, almost irrespec- 
tive of the type of the psychosis. The patients tended to relapse when 
the drug was withdrawn. These results seem to justify a further study 
of the use of dilantin for psychotic states. 


Dr. Harry J. Worthing, director of the Pilgrim State Hospital, made the 
patients available to us. 


The dilantin was supplied by Parke, Davis & Co., Detroit. 
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EFFECT OF EXTREMES OF ENVIRONMENTAL 
CHANGE ON MAN 


PRESIDENTS ADDRESS 


LEWIS J. POLLOCK, M.D. 


CHICAGO 


The neuropsychiatrists of the West are, | am sure, honored and 
delighted that they have been able to lure you from the deep reaches of 
the Atlantic seaboard, and they welcome you. 

In 1875, one of the founders of the American Neurological Asso- 
ciation, James Stewart Jewell, who had been elected first vice president, 
presided as the first president of this association, when S. Weir Mitchell, 
who had been elected president, was unable to attend and requested 
that his name be removed from the list of officers. This office Jewell 
held for the next four years. Jewell was the first professor of psycho- 
logical medicine and nervous diseases, and later professor of nervous 
and mental diseases, of Northwestern University Medical School. 

It is a source of gratification to me that the association is meeting 
within a biscuit’s throw of this medical school. That I, inadvertently 
a successor to the chair held by Jewell, have been elected your president 
for this meeting evokes a feeling of gratitude of course, but, in addition, 
one of humility in the recognition of my unworthiness to follow in the 
footsteps of my great predecessors. 

I never realized how inarticulate I am until I contemplated the 
writing of this address. I am not a philosopher, a historian or a 
prophet; neither have I contributed any noteworthy conception of 
research; in fact, what I have contributed has been looked on, by my 
friends in physiology, with amazement at the ununderstandable attempts 
to understand something. 

I am going to describe, briefly, the effect on man of some of the 
environmental changes met with in war, to indicate my recognition that 
none of these alone or combined seems to be the causative factor in the 
war neuroses and to come to the bewildering conclusion that I do not 
believe the evidence and ask for further research. 

As a young man, the assignments given me in the first World War 
made available a veritable treasure house of clinical material, which, 
because of my inexperience and only partial, and at times faulty, 
knowledge, coupled with the intolerance and brash confidence of youth, 

Address delivered at the Sixty-Seventh Annual Meeting of the American 
Neurological Association, Chicago, June 4, 1942 
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served, as I now see, only incompletely to teach me the lessons brought 
before me. 

As, in retrospect, I remember the plentitude, variety and richness 
of this material, I become hopeful of again being permitted to study it, 

Conditioned by my beloved chief, Patrick, with his love for France 
and wealth of memories of French: neurologists, to an intense interest 
in hysteria, I looked forward to my experience with avidity. At the 
beginning I first met with hysteria in the general hospital in Atlanta, 
Ga., where Bowman and I rapidly made a whispering chorus sing with 
the aid of painful faradism. 

I was steeped in it at the time when, in Limoges, by means of 
cathedrals, lunch and a modicum of wine, I circumvented our dear 
John Rhein from making an inspection of my neurologic wards in order 
to prevent the otherwise necessary report of disobedience to orders to 
transfer soldiers suffering from psychoneuroses to base hospital 117, 
| remember my contempt for and impatience with those who proposed 
a possible organic background for the development of the condition 
easily identified as hysteria, for Mott and his theory of carbon monoxide 
poisoning and for the preoccupation of Crile with methods of cutting 
trenches to increase the damping effect on blast; equally clearly I 
remember my success in dissipating the major stigmas of hysteria, 
tremor, tic, mutism, aphonia, paralysis and contracture. With greater 
clarity I remember with chagrin the punishment by painful faradism 
to which I subjected a soldier suffering from encephalitis lethargica, 
hecause of my failure to find objective evidence of disease to account 
for his inactivity and inaccessibility to current literature; my shame and 
enlightenment when Ramsay Hunt told me of an epidemic of encephalitis 
among the troops and demonstrated cases of the disease to me in his 
hospital. 

Such memories are common to many. As I review my experience 
and the experience of others as reflected in the literature, | am not 
satisfied; in relation to what seemed self evident before, some doubts 
appear. It is as though one saw only the ends of the spectrum. It is 
not so much a question of Tweedledum and Tweedledee, of somatic and 
psychic, as of what happens to man under environmental changes. 
What are the separate results of these changes; how are they related 
to each other, and how do they, by a final common pathway, result in 
disease 

In the laboratory of war man is subjected to extremes of every 
known environmental change—among others, to starvation, dehydration, 
fatigue, sleeplessness, cold, heat, inundation, noise, vibration, compres- 
sion, decompression, anoxia, acceleration, deceleration, concussion, 
collision, disease and psychologic dislocations. 
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The effects of many of these conditions were not adequately studied 
during the first World War, in part because of a difference in points of 
view. As Turner? said: 

In the writings of the earlier observers on this subject, and in some at the 
present time, there is a tendency to attribute many of the phenomena of shell 
shock and the war neuroses to physical causes, such as concussion, fatigue, or 
gas poisoning, and perhaps to ignore, or at all events underestimate, the influence 
of the psychical factor. . . . The modern school of psycho-pathologists, on 
the other hand, may incline too much in the contrary direction, and claim all 
the symptoms of the war neuroses to be of psychogenetic origin. 


That one or the other point of view militated against a complete 
investigation is emphasized in the statement of Myers *: 
In this country, at least, we have been paying so much attention to the mental 


aspect of the war neuroses that a detailed examination of the accompanying 
bodily symptoms has been generally neglected. 


What is known of the effects of fatigue, loss of sleep, fear, horror, 
rage and the like and concussion? How much do such changes, some 
reversible, some irreversible, contribute to the after-development of a 
disease, somatic or psychic, and what somatic changes result from 
psychic disorders ? 


FATIGUE, EXHAUSTION AND LOSS OF SLEEP 

Although fatigue, muScular and general, has been studied experi- 
mentally, as produced by prolonged or severe exercise or long-continued 
monotonous tasks, and in industry, states of exhaustion, such as were 
observed in the first World War, have not been investigated. This 
exhaustion was the product not of muscular overactivity alone but of 
associated environmental changes of starvation, dehydration, loss of 
sleep, wounds, disease, pain and emotion. 

The character of this fatigue may be illustrated by Crile’s * descrip- 
tion, with excerpts from the statement of Dr. Gros, of the American 
Ambulance Corps. 


After a sustained and heavy action at Mons, being overpowered by the enemy, 
the allied armies began the retirement which continued for nine days and nine 
nights. One hundred and eighty miles of marching without making camp is the 
story of that great retreat in which the pace was set by the enemy. Only rarely 
were sufficiently long halts made for the men to catch a few moments of rest. 

1. Turner, W. A.: The Bradshaw Lecture on Neuroses and Psychoses of War, 
Lancet 2:613-617, 1918. 

2. Myers, C. S.: A Final Contribution to the Study of Shell Shock, Lancet 
1:51-54, 1919. 

3. Crile, G. W.: A Mechanistic View of War and Peace, New York, The 
Macmillan Company, 1915, pp. 22 and 24. 
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Gros continued °: 

When the ambulances arrived at Meaux at midnight they found the town in 
utter darkness. Not a sound was heard in the street, not a light was seen. 
Pushing open the door of a dilapidated school building, they found the building 
packed with wounded—over five hundred—with all kinds of wounds. Some 
were dying, some dead, but every one was in a deep sleep. Bleeding, yet asleep; 
legs shattered, yet asleep; abdomens and chests torn wide open, yet asleep. They 
were lying on the hard floor and on bits of straw. Not a groan, not a motion, 
not a complaint—only asleep. 


That sleep is one of the fundamental protective agencies against 
exhaustion and is a remedy for the extreme state is vividly portrayed 
in Hurst’s* quotation from a war correspondent’s report, in the 
Daily Chronicle of April 3, 1918, of men who fought continuously for 
six days and nights. 


They were tired almost to death, and when called on to make one last effort 
after six days and nights of fighting and marching, many of them staggered like 
men who had been chloroformed, with dazed eyes and grey and drawn faces, 
seemingly speechless . . . at the gasp of strength. Towards the end of this fight- 
ing they had a drunken craving for sleep, and slept standing with their heads falling 
against the parapet. In body and brain, these men of ours were tired to the point 
of death. They felt like old men. Yet after a few days’ rest they were young 
and fresh. It was almost impossible to believe they were the same men. They 
had washed off the dirt of battle and shaved, and the tiredness had gone out 
of their eyes and their youth had come back. 


Many factors other than muscular overactivity and loss of sleep con- 
tributed to this state of exhaustion. Zabriskie and Brush ® described 
the physical and emotional fatigue among men “undergoing a new 
terrifying experience of open warfare under intense artillery fire for 
four days: No sleep, little food, and practically no water. The 
dehydration effects of these states were quite remarkable.” The 
importance of emotional tone on the production of exhaustion is 
illustrated by Kennedy,® who contrasted the large number of cases 
occurring in the ten day retreat by the British Fifth Army, from March 
21, 1918, the men so fatigued that they could not stand, with the absence 
of cases of fatigue during the continuous victorious battle ending 
November 11. Despite the many agencies contributing to this type of 
exhaustion, one may profitably review what is known of some of them, 
4. Hurst, A.: Medical Diseases of War, Baltimore, Williams & Wilkins 
Company, 1941, pp. 123-128. 

5. Zabriskie, E. G., and Brush, A. L.: Psychoneuroses in War Time, Psy- 
chosom. Med. 3:295-329, 1941. 

6. Kennedy, F.: Fatigue and Noise in Industry, New York State J. Med. 
36 : 1927-1933, 1936. 
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the better to determine what remains to be learned in the cases 
encountered in war. 

One is surprised to find so little in the literature concerning the 
effects of prolonged loss of sleep. Some changes in the brain, medulla 
or spinal cord have been observed. Thus, Okazaki’ noted alterations 
in animals with a survival period of from eleven to seventy-seven days ; 
Bast and Blomendal * observed lesions in rabbits after eight to thirty-one 
days, which often led to collapse and death, and Crile ® noted alterations 
in rabbits after ninety-six to one hundred and eighteen hours. Piéron '° 
and others observed similar changes. In all, the changes were chiefly 
in the ganglion cells and consisted in disappearance of Nissl granules, 
displacement of nuclei and vacuolation—in short, alterations of the 
axonal type, which is known to be reversible. Changes of uncharac- 
teristic nature have been reported in the cells of the liver, the adrenal 
glands and the thyroid. 


Kleitman 


kept subjects awake from forty to one hundred and 
fifteen hours; Rakestraw and Whittier,’* forty-eight hours and Krisch,'* 
seventy-two hours. In none were there reported significant changes in 
the heart rate, blood pressure, temperature, basal metabolic rate or 
composition of the blood, including the dextrose, nonprotein nitrogen, 
urea, uric acid, creatinine, chloride and phosphate contents and the 
alkali reserve. After the subjects had been kept awake for ninety-two 
to one hundred and forty-three hours, Patrick and Gilbert ** observed 
hypothermia, which was also noted by Tarrozzi*® after nine, thirteen 
and seven days. Scattered reports of diminution in heart rate, fall of 
blood pressure,- increase of carbon dioxide tension of alveolar air and 
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rise of electrical skin resistance and controversies over decrease in the 
blood calcium may be found, but there appears to be no correlation of 
changes which would lead to a conception of the response of the body 
to such stimulation as this state may call forth. This, as will be seen, 
is in contrast to the conception with regard to exhausting muscular 
exertion. However, a clue to the trend of future research is found 
in the recent studies on the hypothalamus, in which the condition of 
sleep is found to be the antithesis of the activities and reactions of the 
sympathetic and somatic processes involved in emotional expression, 
Thus, Ranson *® stated: 

The hypothalamus is the center for integration of sympathetic and somatic reac- 
tions involved in emotional expression, and its activation produces a thoroughly 
excited animal with active visceral and skeletal musculature. 


He found that bilateral destruction of the lateral hypothalamic area leads 
to somnolence, and it is this same area stimulation of which produces 
most readily combined sympathetic and somatic excitation. This area 
he concluded to be the center for the integration of emotional expres- 
sion, and he suggested that it be termed the waking center. When it 
is thrown out of function, somnolence ensues. 

Such fatigue as may be the result of healthy persons’ being subjected 
to exhausting physical exercise has been more adequately studied. 
Hastings ‘*? has well described the condition necessary for efficient 
muscular activity. Such activity is dependent on 


‘an adequate supply 
of material for combustion, of oxygen to effect this combustion, and 
upon the removal of the products of cellular activity.” Inability to 
maintain this acceleration of processes and to keep them integrated as 
a unit comprises the conception of fatigue. 

During a bout of severe exercise, lactic acid is formed rapidly; 
such as cannot be removed by oxidation at the time must accumulate in 
the muscles. During the period of exercise the amount of oxygen which 
has been taken in by the subject is small as compared with that needed 
to prevent the accumulation of lactic acid. The additional greater 
amount of oxygen known as the oxygen debt can be supplied only during 
the subsequent period of rest. As soon as the exercise is commenced, 
and continuing well into the period of recovery, increase in rate and 
depth of respiration occurs. From whatever stimulus this follows, there | 
is an increase both in carbon dioxide pressure and in the hydrogen ion 
concentration of the blood. The respiratory quotient is increased. 


16. Ranson, S. W.: Somnolence Caused by Hypothalamic Lesions in the Monkey, 
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Some of this effect is due to the greatly increased rate of ventilation 
and some to the rapidly accumulating lactic acid, which results in one 
or another manner in the displacement of carbon dioxide. In spite of 
the increased ventilation, there remains an accumulation of lactic acid 
in the body. Therefore, after the conclusion of severe exercise, when 
the intake of oxygen is reduced, the elimination of carbon dioxide con- 
tinues until the hydrogen ion concentration of the blood is reduced to 
its resting level. 

The participation of the nervous system in effecting a coordination 
of some of the processes necessary to meet the emergency of increased 
muscular activity has been described by Cannon.** He has shown how, 
when continuous muscular activity reduces the sugar in the blood, the 
sympathetic mechanism of the adrenal is stimulated and sugar is liberated 
from storage in the liver. 

As is well known, vigorous muscular activity is associated with the 
development of heat. Cannon pointed out that should there be no loss 
of heat the increase of oxygen intake during vigorous steady exercise 
would be enough to raise the body temperature to 109 F. To protect 
the body, the sympathetic nervous system acts to produce peripheral 
vascular dilatation, to the end that the hot blood loses some heat by 
convection and conduction and by liberation of sweat, with resulting 
evaporation and carrying off of heat. A mechanism to prevent dangerous 
acidosis from increased lactic acid and carbon dioxide lies in relaxation 
of the bronchioles through stimulation of the sympathetic nerve supply to 
the bronchioles, with resulting increase in ventilation. To meet the 
greatly increased need of oxygen, blood is driven from the splanchnic 
area by splanchnic vasoconstriction, and the heart rate increases and the 
blood pressure increases. In addition, by contraction of the spleen there 
may be an increase of red corpuscles in circulation, amounting to as much 
as 25 per cent. 

The important relation of starvation to fatigue may be explained 
by the fact that carbohydrate is the real fuel used by contracting muscles, 
and when the carbohydrate store has been used up, as under conditions 
of deprivation of food, other substances, such as fat, can be called on and 
the respiratory quotient may be lowered, the blood sugar may be 
diminished and acetone may appear in the urine. 

Of great interest are Hill’s*® experiments on vapor pressure. He 
demonstrated a considerable rise of osmotic pressure in a frog’s muscle 
stimulated anaerobically and showed an increment in the osmotic pressure 
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of the blood of a man drawn a few seconds or less after the subject had 
run at maximum speed while standing in one position. He said: 


May not such a change of osmotic pressure, leading temporarily to a large upset 
in the water distribution of the organism, be the cause of some of the phenomena 
of fatigue? Might not, for example, an osmotic suction of one atmosphere sud- 
denly applied, considerably upset the nervous system? 


The bodily changes associated with emotions are well known—sorrow 
with its tears; worry and vasoconstriction ; joy and vasodilatation ; even 
temporary loss of muscular control or extraordinary muscular power, 
inhibition of salivary and gastric secretion and contraction of the stomach 
and intestines. Cannon °°? has shown that strong emotions, such as fear 
and rage, evoke the same associated changes as those brought about by 
vigorous muscular movement—liberation of sugar from the liver, pouring 
out of sweat, dilatation of the bronchioles, constriction of the splanchnic 
area, acceleration of the heart and discharge of corpuscles from the spleen 
into the circulatory system—responses rendering the organism more 
capable of supreme and prolonged struggle. 

It has been seen that exhaustion accompanying extreme muscular 
activity, loss of sleep or hunger and thirst alone constituted a condition 
from which recovery was quickly effected by sleep, and that in itself the 
exhaustion was unassociated with the evidence of neurosis. Likewise, 
fear and horror were experienced, and during the time that circumstances 
warranted their occurrence neurosis was rarely encountered. Dide,” 
chief medical officer to the twenty-fourth battalion of chasseurs alpins, 
said : 

Two companies who were collected to support the attack, if required, were 
kept standing still and were subjected to accurate fire by heavy artillery. The 
losses were high, inasmuch as we had to remove 32 bodies which had _ been 
almost blown to pieces, as well as the wounded. After two hours of this experi- 
ence some movement took place. It was thought that the order had been given 
to retire, and I saw half a company making their way to my aid post in a 
bewildered condition, just as if they had been surprised in their sleep. I gave 
them a few words of encouragement, and, new orders having meanwhile arrived, 
they returned to the firing line in the most perfect order. 


This episode seemed to Dide to combine all the circumstances likely 
to cause nervous disturbances : the extreme violence of the bombardment 
(several explosions a second), the heavy losses in men killed, the appall- 
ing spectacle of the mutilated bodies and the absence of anything to 
distract attention, the attack occurring as it did to troops standing still 
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and waiting to fight. Nevertheless, he observed not a single case of 
nervous disturbance. 


du Roselle and Oberthur 2? said: 


These men, with their haggard and hallucinated look, who make no reply to 
questions and do not recognize their officers or fellow-men, retain a lively 
instinct of self-preservation in their subconscious mind. 


Vincent,”* likewise, made the observation: 
In places where projectiles came in large numbers causing deaths and wounds 
I never saw any hysterical phenomena, such as fits, contractures, or paralysis 
of one or more limbs. I saw emotional phenomena only, of which the most 
frequent were tears, trembling, a state of hebetude in which the man does not 
move or answer questions, tachycardia, tachypnoea and micturition. 


Babinski and Froment ** cited still another incident. 


The last circumstance deserves to be related in some detail, for it may have 
seemed a priori specially suitable for the development of hysterical symptoms. 
It was on August 28, 1914, when the ambulances 1/14 and 3/14 had just been 
drawn up side by side by the Burgonce after a period of ten days’ continuous 
retirement which had had a powerful demoralising effect upon the men. All of 
a sudden, heavy shells, which had hitherto been falling at about a mile off, began 
to fall nearer and ended by reaching the ambulance. Although the bombardment 
lasted only an hour, out of an effective of forty men one of the ambulances 
had seven wounded and twelve killed. The latter were hardly recognizable, in 
many of them the trunk had been separated from the limbs, which had been torn 
and hurled to a distance. The effects of the bombardment had made a great 
impression upon the orderlies, to whom this painful episode was unexpected, and 
constituted their baptism of fire. And yet, neither that day nor during the follow- 
ing weeks did any of them present any hysterical manifestations. 


Some mention should be made of noise. Aside from impairment of 
hearing, sudden loud noise followed by a startle is, as pointed out by 
Kennedy,” associated with an increase of cerebrospinal pressure. There 
are increased blood pressure, increased heart beat and decreased gastric 
motility. Although noise has been studied chiefly in relation to efficiency 
in industry and has been found to produce fatigue or varying degrees of 
exhaustion, further research is indicated, if only from the report of 
Morgan and Morgan ** on an abnormal: pattern of behavior in rats. 
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Although the response was originally produced by the presentation of a 
situation which heavily taxed the animal’s capacities for discrimination 
(Pavlov **) or by a simultaneous blast of air with the presentation of a 
problem of insoluble nature (Maier **), Morgan and Morgan were able 
to produce similar reactions by the presentation only of the noise of 
the air blast, which was removed several feet from the animal. There 
ensued circling movements, ticlike movements and then the assumption 
of tonic immobility resembling catatonic stupor, in which visual, auditory 
and tactile stimuli evoked no response. 

Extremes of fatigue, and likewise the responses associated with 
hunger, thirst and noise, have been shown to be relatively quickly cured 
by sleep without any observable relation to the development of the 
neurosis. Fear and other extremes of emotional disturbances experi- 
enced during the action evoking them have been shown, rather, to mili- 
tate against the appearance of hysteria. To all, however, my associates 
and I have observed severe bodily responses, many of them of a similar 
nature, calling forth the reserves of the body by participation of the 
peripheral and central representation of the sympathetic nervous system. 
What relation this bears to the later development* of the neuroses | 
believe deserves present serious attention. 


BLAST CONCUSSION 

n many occasions, as the result of the blast of an exploding shell, 
soldiers have been thrown violently against a parapet, to the ground, 
buried, bruised and physically injured. Often injury to the central 
nervous system resulted, at times serious, but usually with rapid 
recovery. With these injuries | am not at the moment concerned. 
There is a group of cases, however, in which changes occur as the result 
of rapid and extreme changes in atmospheric pressure and without the 
production of external evidence of injury, but with ensuing severe 
disorders. Illustrative of this is Bartlett’s °° description of “a valley of 
death” in the Dardanelles. 


In one corner seven Turks, with their rifles across their knees, are sitting 
together. One man has his arm around the neck of his friend and a smile on his 
face as if they had been cracking a joke when death overwhelmed them. All now 
have the appearance of being merely asleep; for of the seven, I only see one who 
has any outward injury. 


Such examples were not uncommon during the first World War 
and in subsequent wars. In addition, many internal injuries may result 


27. Pavlov, I. P.: Conditioned Reflexes, London, Oxford University Press, 
1927. 

28. Maier, N. R. F.: Studies of Abnormal Behavior in the Rat: IV. Abortive 
Behavior, J. Exper. Psychol. 27:369-393, 1940. 

29. Bartlett, A., cited by Mott.46 


POLLOCK—ENVIRONMENTAL CHANGE 431 


from the blast of an exploding shell, hemorrhage of the lungs, rupture 
and hemorrhage of the viscera or hemorrhage and other injury to the 
central nervous system—all without significant external injury. 

To understand the effects of high explosive bombs, it is useful to 
know something of the nature of high explosives. In handbook 5 ** “Air 
Raid Precautions,” series may be found a concise description: An 
explosive is a substance which, on application of a suitable stimulus 
to a small portion of the mass, is converted in a very short time into 
other, more stable substances, largely or entirely gaseous. 

A low explosive burns by a process of rapid combustion, but a 
high explosive functions in a far more rapid manner, known as detona- 
tion. The conversion of the explosive into a more stable gas proceeds 
by a wave of detonation, which passes through the substance with a 
velocity of detonation varying from 15,000 to 25,000 feet (4.5 to 7.6 
kilometers) a second, according to the explosive used. The time taken 
for the detonation of the main filling of a 500 pound (227 Kg.) bomb 
may be assumed to be of the order of one ten-thousandth second. 

The explosive is thus, within its own volume, suddenly converted 
into gas at a very high temperature and pressure. The effect is a sudden 
blow on the immediate surroundings, the violence of which depends on 
the velocity of detonation and the pressure produced. ‘The high pres- 
sure generated by the conversion of the solid explosive into gas causes 
the metal case to swell until it reaches about one and a half times its 
original diameter, when it bursts into fragments or splinters. Immedi- 
ately fragmentation occurs, the hot compressed gases are suddenly 
released and force their way past the fragments with a velocity of the 
order of 7,000 feet (2 kilometers) per second. The air in contact with 
the gas is suddenly compressed, with the result that an intense blast 
pressure pulse, or shock wave, is formed at the boundary of the gases. 
This air-borne shock wave is analogous to an ordinary sound wave, 
except that its amplitude and velocity, and I might add its wave form, 
are greater. As the wave travels outward from the source, its amplitude 
and velocity concurrently decrease, the velocity becoming stable at about 
1,100 feet (335 meters) per second. The violently expanding gases 
may be regarded as constituting a localized zone of expansion. In this 
zone there is essentially an outward movement of gas, giving rise both 
to intense pressure and to dynamic forces, which rapidly diminish with 
distance from the center of the explosion. On the other hand, the blast, 
i. e., the pressure created by explosion in the air which surrounds the 
explosion itself, is propagated by wave motion through the air without 
bodily movement of the air and persists for considerable distances. 
Analogous waves are also generated in the earth or other target in or 
29a. Air Raid Precautions, Handbook 5, London, His Majesty’s Stationery 
Office, 1939. 
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on which the bomb explodes. The probable maximum distance of the 
outward movement of gases and air is 25 feet (7.6 meters) when the 
bomb bursts in the open air. 

The shock wave consists of an initial positive pressure phase followed 
by a negative phase, which is probably followed by a small, decaying 
oscillation. In the initial positive phase the pressure rises almost 
instantaneously to a maximum and then decreases linearly to zero, and 
the suction phase follows. The total duration of the combined positive 
and negative phases is about one-thirtieth second, whether the distance is 
50 or 200 feet (15 or 60 meters) from the bomb, but the duration of the 
negative phase varies from three to six times that of the positive phase. 
For a 70 pound (32 Kg.) charge, Zuckerman *° said that the positive 
phase lasts six-thousandths second and the negative phase three- 
hundredths second. In the case of a 60 pound (27 Kg.) charge, the 
velocity is almost 1,500 feet (457 meters) per second at 30 feet (9 
meters) from the charge. The wave pressure is highest in the region 
of the explosion and falls off rapidly the farther it moves away. Thus, 
15 feet (4.5 meters) from a 125 pound (56.7 Kg.) charge the hydro- 
static pressure may be of the order of 220 pounds (99.8 Kg.) per square 
inch (6.5 sq. cm.), whereas 50 feet (15 meters) away the maximum 
pressure recorded will not be more than 10 pounds (4.5 Kg.), these 
figures representing pressure in excess of normal atmospheric pressure 
of 15 pounds (6.8 Kg.) per square inch. Close to the explosion the 
wind pressure may be as great as the hydrostatic pressure. It falls 
more rapidly with distance than does hydrostatic pressure. Of impor- 
tance is the author’s observation that the velocity and duration of a 
pressure wave are such that a body as large as a human being could 
certainly be completely immersed for an instant in a wave of almost 
uniformly raised pressure. The wavelength of the negative phase 1s 
given by the “Handbook” as 30 feet (9 meters). 

Sutherland ** stated that in some cases of blast compression, wave 
pressures up to 200 atmospheres have been observed. When a wave 
meets a wall, the wall may be set into vibrations like a diaphragm, and 
the impact may be violent enough to fracture the skull of any one resting 
against the wall. This, of course, is in case the wall is in an enclosed 
space. 

Much has been written about the ‘“‘suction” effect, variously 
described as recoil, aspiration or decompression. One explanation is 
that the hot gases expand to a volume determined by their high tempera- 
ture and then cool and contract to a smaller volume, with creation of a 
partial vacuum. It is probable, however, that no overshooting results. 
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It seems more likely that the effect is the result of a wave of rarefaction 
following immediately on the wave of compression. The order of 
change of pressure to less than atmospheric is, of course, far less than 
the positive change and could never exceed 15 pounds per square inch; 
as already noted, its duration is far greater. 

In addition to the effects of change in atmospheric pressure and the 
dynamic effect of a traveling wave, an explosion in a confined space 
instantly deoxygenates the air and produces a high concentration of 
carbon monoxide and nitrogen monoxide, which Hill ** stated, if 
inspired by man, may produce death. Likewise, Sydenham ** expressed 
the opinion that the detonation of 50 to 100 pounds (22.7 to 45.4 Kg.) of 
trinitrotoluene could produce enough carbon monoxide in the immediate 
vicinity to give rise to the characteristic poisonous effect of this product. 
Logan ** also noted that under favorable conditions of undue heavy 
atmospheric conditions, violent and prolonged bombardment may cause 
a collection of carbon monoxide of sufficiently high concentration to 
cause poisoning; he noted the presence of carbon monoxide in the 
blood of men who had been killed or wounded and observed that the 
substance might also be found when the bursting shell had not produced 
any external wound. 

From the foregoing observation, it may be seen that the effect on 
any object or man will depend, among other things, on the distance from 
the center of explosion. Thus, Carver and Dinsley *° described three 
zones about the point of detonation: In the nearest, or the zone of 
brizance, all life is destroyed. Hughes and Banks ** noted the rending 
of soldiers into pieces, disintegration rather than rending, and stated 
that these effects were less often noted in the open and were not much 
felt beyond 30 vards (2.7 meters). In the next zone, carbon monoxide 
was under compression, and death without external evidence of injury 
occurred, with capillary hemorrhages in the nervous system; farther out 
in this zone a state of stupor and awkward gait were noted. In zone 
3, no serious lesions were produced, but later neuroses developed. 
These zones must differ in size, dependent on the size and character of 
the explosive, and such a division is valuable only to point out the 
varying degrees of effect, from that of the greatest disruptive force to 
that in which demonstrable changes are absent. 
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It may be of interest to inquire into the mechanism whereby the body 
is affected by such environmental change. 

With respect to injury to the body in general, and to the lungs in 
particular, there has been some difference of opinion, but recently 
evidence is being adduced that, for the most part, it is brought about by 
the blow of the expanding, rapidly moving shell of increased pressure, 
As to the effect on the lungs, the belief has been expressed by some that 
the lesions are the result of lowering of alveolar pressure by the suction 
wave, acting through the respiratory passages with consequent rupture 
of the alveolar capillaries. This possibility was suggested by Logan 
and by Shirlaw ** and was indicated in the French shelter tests, and it 
was also the view held in discussions on the casualties which occurred in 
Spain. The second possibility is that the lesions in the Jungs are due 
to the impact of the pressure wave on the chest wall. Kretzschmar," 
likewise, subscribed to this belief, and the experiments of Zuckerman 
strongly suggest that this is the mechanism responsible for injury to the 
lung. 

With respect to injury to the nervous system, it has been suggested 
that as the result of reduced atmospheric pressure, during the suction 
part of the wave, gas emboli are formed, as in caisson disease. Of this 
explanation, Hill ** said that he could not see how alteration of air 
pressure could do more than act on the gas in the intestine and in the 
lungs, and he expressed the belief that such injuries as occurred were 
the result of deoxygenation of the blood or of concussion. Surgeon 
General Stevenson *® suggested that the sudden increase of atmospheric 
pressure, lasting only a fraction of a second, could not produce death, 
as in cases of caisson disease (the latter, of course, is concerned more 
with the decrease of pressure, but the time relations hold true), and he 
likewise concluded that the results were due to concussion. But Thomas * 
pointed to the sudden snatching away of atmospheric pressure around 
the bodies by the voracious vacuum suddenly produced outside. Many of 
the French writers, including Ravaut,*! Heitz,*? Guillain *® and Sollier 
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and Chartier,** ascribed the changes in the central nervous system to 
the atmospheric decompression resulting from the explosion; thus, 
Guillain said that the nervous phenomena resulting from the detonation 
of modern projectiles are analogous to those of caisson disease and result 
from the rapid changes in atmospheric pressure. 

With regard to subjection of man to increase of pressure alone, it 
is well known that enormous pressures may be exerted on biologic tissue 
without apparently disturbing its function. In relation to caisson 
disease, Haldane pointed out that when the body, which, with the 
exception of bone and air-containing organs, is similar to a fluid mass, 
was surrounded by an increase of pressure, every particle instantly 
attained the same degree of pressure as that to which the body was 
subjected. In this connection, I may mention some recent unfinished 
experiments which Dr. Finkelman, Dr. Tigay and I have been con- 
ducting. On measuring the cerebrospinal fluid pressure of dogs subjected 
to increase of atmospheric pressure in a pressure chamber by means of 
a balancing manometer outside the chamber, we found that at the height 
of compression the cerebrospinal fluid pressure was less, and at the 
return to normal pressure it was higher, than the pressure of the ambient 
air. This seeming disagreement with Haldane’s ** statement we believe 
to be due to the fact that atmosphere can act on the intracranial contents 
only through the entering and emerging viscous elastic blood vessels at 
the base of the skull. 

In regard to the possible formation of gas bubbles, although the 
order of change of pressure from the height of compression to the lowest 
point of decompression would be sufficient, the time is too short to permit 
the escape of gas from the blood. With regard to the effect of some 
physical blow, such as concussion, on the nervous system, it was gen- 
erally stated that the cerebrospinal axis was in some way shaken up. 
Logan mentioned the possibility that commotio cerebri would be caused 
by the transmission of intense vibrations through the bony structures to 
the central nervous system. However, it is known that a detonation 
does not produce a succession of waves, as in vibration, but a single one. 
Nevertheless, the body might be made to vibrate according to its own 
frequency, but the amplitude would be small indeed. 

Mott ** expressed the opinion that high pressures might suspend 
vital centers in the medulla, but Hooker *7 showed from his experiments 
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that such was not the case. Mott stated the belief that the action of 
compressed gas and air in striking the body as a solid would produce 
vascular disturbances. 

In addition to the effect of direct concussion by burial or bruising 
through impact against the ground or a wall or parapet, much remains 
to be explained about indirect concussion by impact of the moving wave 
of compression. Although Hooker raised the question whether the 
symptoms of air concussion were not ultimately similar to those of trau- 
matic concussion, the answer is not at hand. In relation to this, since in 
cases of blast concussion clearcut histologic evidence of injury is absent, 
and since the same observation holds true for concussion experimentally 
produced in animals by blows delivered at a velocity of from 25 to 28 
feet (7.6 to 8.5 meters) per second, Fulton ** asked whether there is any- 
thing in common between direct traumatic concussion and blast con- 
cussion. He stated: 


A wave of moving pressure that gives acceleration to the body by virtue of its 
impact on the body wall—and hence imparts an acceleration to the body as a whole, 
including the head—reproduces in a very precise manner the type of acceleration 
or deacceleration known to be essential for the traumatic-concussion syndrome. 


Other causes for the circulatory collapse described by Hooker should 
be sought, and it is of interest to recall the experiments of Capps and 
Lewis *® on the condition which they called pleural shock. It would also 
be of interest to measure the order of changes in intracranial, venous, 
arterial and cerebrospinal fluid pressure which follow sudden, severe 
compression of the chest and abdomen. There remains also the question 
of fat emoblism. McKibben *° said that observations on dogs indicate 
that there are no quantitative differences between the fat, recognized 
histologically, in the vessels of normal control animals, and that demon- 
strated in dogs subjected to concussion and prolonged anesthesia. 
However, de Guiterrez-Mahoney *! reported that in cases of concussion 
widespread demyelination of nerve tracts, followed by the transient 
appearance of fat droplets throughout the cerebral substance, can be 
detected ; outspoken fat embolism may also result. 
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The fat droplets and fat emboli tend to disappear within three or 
four hours, which explains the failure to note them in tissues of animals 
killed and fixed after longer periods. 

As to the effect of the forces of blast on the body, in 1915 Sencert *? 
described the case of a man who was able to tell how, as he was going 
forward, a large caliber shell fell less than a meter in front of him and 
exploded. He fell back and lost consciousness, was picked up and, 
when after ten hours, he was brought to the ambulance, was found to 
have no wound other than small cutaneous wounds of the right arm 
and one of the fingers of the right hand and the right ear. He died 
during the night, and autopsy revealed, among other things, a large 
tear at the base of the middle lobe of the right lung and a pleural tear 
over the left lung, with herniation of a black lung. 

Numbers of men were picked up dead in the vicinity of an explosion 
without external injury. Isolated reports of the presence of injury to 
the lungs may be found. Mairet and Durante,°®* Rusca ** of Berne and 
Crile ** described such injuries in animals exposed experimentally to 
nearby explosions. It was not, however, until the present war that there 
was general recognition of the prevalence of injury to the lungs in 
association with blast. As pointed out by Fulton, Hooker’s experimental 
studies, published in 1924 but arousing little comment, afford the 
most through experimental analysis as yet available. In his experiments, 
likewise, hemorrhagic lesions of the lung were described. The more 
recent experiments of Zuckerman graphically showed the vulnerability 
of the lungs to blast. Although deaths from uncomplicated primary 
blast are rare in civilian areas, many well authenticated cases have been 
reported. What was a mystery from 1914 to 1918 has become a common- 
place. 

To introduce the subject of injuries to the nervous system, an early 
case of Mott’s °° may be cited. A soldier became rather nervous at the 
Somme and later underwent intense bombardment for some four hours. 
Although he said he ‘“‘could not stand it much longer,” he carried on for 
twelve hours more, when perhaps six shells went over. One of the shells 
burst about 10 feet (3 meters) away, just behind the dugout. The 
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first day of the bombardment he was tremulous and depressed, and 
later was coarsely tremulous in the limbs. On February 23, after the 
bombardment, he cried and was unable to walk or do any sort of work, 
He did not answer questions. The pupils were dilated. On the evening 
of February 23 he was admitted to the field hospital in acute mania, 
shouting “keep them back; keep them back.’” Thus far the description 
could in a general way fit hundreds of cases, but on the morning of 
February 24 he awakened apparently well and then suddenly died. 
With the exception of some small scratches on the anterior wall of the 
chest, there were no signs of external violence. Both lungs were edema- 
tous, and the lower lobe of the left lung showed considerable hemor- 
rhage. Hemorrhages were observed throughout the brain in the corpus 
callosum, the internal capsule, the pons and the bulb. In addition, 
generalized chromatolysis of nerve cells, comparable to that described by 
Crile in cases of exhausted and wounded soldiers, was observed. 

That injury to the central nervous system can occur without the 
evidence of external wounds has been amply reflected by the literature 
of the first World War. A few instances may be mentioned: cases of 
paraplegia, Heitz,*? Babinski,°’? Roussy and Lhermitte,°* Ravaut,*® Fro- 
ment,®° Guillain and Barré * and Hurst ©; cases of hemiplegia, Marie 
and Guillain,®* Harzbecker and Souques, Mégevand and 
Donnet *° cases of hemorrhage in the cerebrum and medulla, Leriche,” 
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and in the optic thalamus, Léri and Schaffer °°; many cases of meningeal 
hemorrhage, Guillain and Barre,®® Leriche ** and Sukhanoff,’° and cases 
of disturbances of pupillary and sphincteric reflexes. 

What relation the existence of such lesions bears to concepts con- 
cerning the neuroses is a matter for conjecture. The important thing 
is that such lesions do occur. To how many have been overlooked I 
shall allude further on. What occurs in the outermost, yet noxious, 
zone of detonation ? 

Until further research may be done and until careful examinations 
may be made on the field soon after the supposed injury, this question 
will remain unanswered. It is interesting to review the observations of 
Aschaffenburg *! on 74 soldiers examined in Flanders. Of these, 67 
showed unmistakable signs of localized organic Jesions of the central 
nervous system, although not as a rule of serious nature. A second 
examination a week later showed that some, though not all, of the 
phenomena had disappeared. The minor changes, such as increase of 
cerebrospinal fluid pressure, increase of protein, xanthochromia and 
hemorrhage into the spinal fluid, so frequently reported when examina- 
tions were performed soon after injury, suggest that at times when no 
such changes were reported it was because they were not sought for. 

In some instances in which a soldier, having been exposed to the 
blast of a nearby exploding shell, died a short time later, histologic 
examination of the nervous system was made. Of cases in which the 
man survived but later may have died of some other cause, no reports 
have become available. 

In the first group, there have been reported congestion of the brain, 
minute, punctate hemorrhages on the surface of the brain, considerable 
ecchymosis on each side of the great sinuses, subpial hemorrhages, 
hemorrhages into the vascular sheaths in the corpus callosum, internal 
capsule, pons and bulb, and generalized chromatolysis of cells, including 
the vagoaccessory nuclei (Mott **). In Mott’s cases, the changes were 
similar in many respects to those he had observed with carbon monoxide 
poisoning. likewise, there have been reported extravasation of blood 
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into the substance of the lower surface of the orbital lobe, subdural 
hemorrhage, punctate hemorrhage of the brain (Chavigny **), localized 
meningeal hemorrhage ( Roussy and Boisseau ),‘* softening of the anterior 
horn cells and the posterior columns of the spinal cord, ependymal 
gliosis and ischemic necrosis (Claude and Lhermitte**). In the second 
group, the lesser signs demonstrable during life, such as increase of 
cerebrospinal fluid pressure, bloody spinal fluid and increase of cells and 
protein in the fluid, have been mentioned. 

Of considerable importance in relation to the infrequency of signs 
of organic lesions in the central nervous system are the reports on the 
effect produced in animals subjected to experimental detonation of 
high explosives. In some of the earlier experiments, such as Crile’s,® 
there was rupture of the minute blood capillaries in the alveoli of the 
lungs (and in 5 men as well), and in 1 a hemorrhage in the dura occur- 
red, but no gross hemorrhages were noted in the brain and spinal cord. 
Mairet and Durante °*’ reported minute scattered hemorrhages through- 
out the central nervous system, particularly about the spinal nerve roots. 

Rusca °! of Berne noted direct and contrecoup lesions in the brain, 
and Marinesco saw some hemorrhages in the nervous system; Carver 
and Dinsley’s *° report was similar to that of Mairet and Durante,”* but 
Hooker ** was unable to discover any evidence of injury to the brain. In 
1 instance he noted a confluence of petechial hemorrhages in the dura. In 
Zuckerman’s ‘® material, studied by Greenfield and Clark which consisted 
of monkeys exposed to high pressure, 110 pounds (49.9 Kg.) per square 


76 


inch, extradural hemorrhages were observed in the roots of the thoracic 
nerves. In 2 animals which died, hemorrhage occurred at the central 
ends of the posterior column and in the dorsal commissure. A greater 
number of animals had edema about the central canal. No changes 
were observed in the cortex, midbrain, pons or medulla. In rabbits 
the changes were more prominent. Pial hemorrhages occurred on the 
surface of the cortex, but not in either the gray or the white matter of 
the brain. 

In the case of the pheasant which had been exposed to blast, reported 
by Stewart, Russel and Cone,’? congested capillaries of the forebrain, 
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associated with numerous petechial hemorrhages, most numerous in 
the hypothalamic area, were observed. It is seen that with some excep- 
tions no gross lesions were produced. 

Both Zuckerman and Hooker pointed out that symptoms referable 
to the nervous system may be pronounced and yet little recognizable 
histologic change be seen. One may allude here to the electromagnetic- 
shielding property of permalloy, which property is lost when the metal 
is struck by a blow, and yet no demonstrable change in structure is 
found. 

Extremes of opinion were expressed as to the relation of blast con- 
cussion and the neuroses. Roussy and Boisseau ** stated the belief that 
it is exceptional for explosions a long way off to produce organic lesions, 
and Guillain ** asserted that organic lesions following such explosions 
are frequent. ‘The former stated that the nervous troubles which result 
should, in the majority of cases, be classified with the so-called hysterical 
disorders, an opinion concurred in by most British and American 
writers, and the latter, Guillain, asserted that “many patients are 
wrongly considered as pithiatic, hysterical, exaggerators or simulators.” 
Between these extremes is the opinion stated by Claude *® that whereas 
most of the patients observed in the Interior are psychoneurotic, it is 
possible that the functional disorders are kept up by slight structural 
and physiologic changes. 

] have seen numbers of men who, subjected to the blast of nearby 
exploding shells, had slight signs of organic disturbance. When shortly 
these manifestations disappeared, signs of a neurosis did not develop. 
Many investigators have commented on this. Likewise, in many men 
who had been exposed to changes in pressure a neurosis did not develop 
later, and the order of the change in pressure seemed to have been the 
same as that for persons in whom a neurosis did develop. The symptoms 
of the latter developing neurosis, after the immediate signs of concussion 
had disappeared, perhaps in some instances while they still persisted, 
differed in no way from those of the neurosis which appeared when the 
circumstance of blast was absent or from some of the symptoms which 
occurred behind the battle front. Nevertheless, the character of the 
changes produced by blast or their relation to an after-developing 
neurosis are not known. 

To me, one of the remarkable observations is the fact that after 
exposure to the environmental changes originating in war, wherever 
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they occurred—Russia, Germany, France or far-flung countries—the 
manifestations of neurosis were strikingly the same: confusion, obtusion, 
delirium, mutism, blindness, paralyses, contractures and analgesia. It 
appears that certain patterns of behavior are peculiar to certain species: 
for example, the senseless wing beating of birds when captured, the 
immobility of fish when touched, the similar reaction of the opossum to 
fear and the behavior of rats to sound. Does it not seem that the relation 
of these patterns of behavior to external stimuli in man deserves 
energetic study? 
PHYSIOPATHIC DISTURBANCES 

One of the most formidable changes in environment in war is the 
presence of solid objects moving in the ambient air at high velocity, 
Inadvertent collision with one of these may result in death or wound. 
When the wound can be explained by the path taken by the missile no 
mystery exists. But another group of disturbances was observed in the 
first World War and gave rise to the old controversy of psychic and 
somatic. 


Here, as expressed by Meige,*® one deals with a series of disturbances 
in which the main symptom is at one time a certain rigidity, at another 
time a paresis, and sometimes an association of rigidity and paresis 
which is neither true paralysis nor true contracture, but which results 
in almost complete immobilization. The circumstances under which 
these conditions made their appearance, the thermal, trophic and vascular 
symptoms which accompanied them and the stubbornness with which 
they resisted all treatment led many investigators to place them in a 
category of their own. 

The condition of paralysis with contracture was designated variously 
as congealed hand, by Meige ; complete paralysis of the hand, by Pitres *; 
acromyotonia, by Sicard **; reflex paralysis, by Babinski and Froment,” 
and paratonic paresis, by Marie and Foix.** Babinski and Froment 
gave a complete description of the condition and stressed the presence 
of pronounced vasomotor disturbances with segmentary distribution 
not corresponding to a definite nerve area and predominantly involving 
the extremities, chiefly the upper. They noted the local hypothermia, 
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with a loss in temperature of from 4 to 5, and at times 8, degrees (C.) ; 
the smaller amplitude of the pulse on the affected side, which increased 
with the application of heat; the atrophy of the tissues of the hand and 
fingers, with an increase in the size of the joints; the moisture and 
occasionally the maceration of the skin ; the decalcification of the skeleton 
of the affected part; the mechanical hyperexcitability of the muscles to 
faradic and galvanic stimuli, with premature fusion of contractions and 
rarely slight subexcitability, and at times the similar hyperexcitability 
of the nerve trunks, all of which, likewise, became less on the application 
of heat. They called attention to the fact that the contractures disap- 
peared only with the deepest chloroform anesthesia and reappeared as 
anesthesia disappeared, when the tendon reflexes reappeared, and that 
when the reflexes on the unaffected side were still absent those on the 
affected side were exaggerated. 

That such disorders should be differentiated from the disturbances 
due to hysteria has been affirmed by many investigators and denied by 
some. Among those who expressed agreement may be mentioned 
Sicard *° and Guillain and Barre,‘ who first called attention to their 
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possible organic nature; Meige, Bénisty and Lévy,*® who described the 
vasomotor and thermic disturbances, and Marie and Foix,** who dis- 
cussed the hyperexcitability of the affected contractured muscles in 
cases Of injury to nerves. Duvernay,*® Gougerot and Charpentier,*® 
Porot,** Souques, Meégevand and others,** Mirallié and Tinel °° placed 
these disorders in a separate category. Other authors expressed dis- 
agreement and concluded that the paralysis and contractures were 
functional and that the atrophy, circulatory disturbance, cyanosis, 
hypothermia and mechanical hyperexcitability of muscle and nerve, with 
slowness of muscular contraction and premature fusion of the faradic 
contractions, hypotonus and exaggeration of tendon reflexes, all were 
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merely disorders due to immobilization or inactivity. Among the latter 
authors may be mentioned Claude,** Camus,’* Thomas,°* Roussy and 
Lhermitte ** and Hurst.‘ 

Some of the difference of opinion arose out of the observation by 
certain investigators that the paralysis and contractures were successfully 
treated by psychotherapy (Roussy, Boisseau and d’Oelsnitz,** Roussy 
and Lhermitte °* and Hurst*). All the authors, however, recognized 
the resistance to psychotherapy and other types of treatment as com- 
pared with the responses of other hysterical conditions, and Roussy and 
Lhermitte stated that the thermal and vasomotor disturbances persist 
long after motor recovery. Vincent ** was convinced at first that the 
so-called reflex disorders would not resist the treatment so successfully 
used by him at Tours in cases of hysteria, but he was forced to conclude 
that, unlike pithiatic phenomena, such disturbances were obstinate, 

Theories concerning the pathogenesis of these disorders vary, but 
many authors have subscribed to the concept of Babinski that it was of 
the nature of the changes first reported by John Hunter ** in relation to 
weakness and atrophy resulting from lesions of joints. These early 
observations were confirmed by a number of studies: those of Gosselin,” 
LeFort,?°° Valtat and, lastly, Charcot *°? and Vulpian,’°* who empha- 
sized the trophic disturbances of the skin, hair and nails, the secretory 
disorders and coldness of the limb and the cyanosis or dull pink color 
of the skin and pointed out that, in addition to disease of the joints, all 
peripheral lesions, including frost bite, burns and more or less deep 
wounds of the limbs, may become the starting point of such phenomena. 
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I recall in recent years the report of Adson and Rowntree '** on the 
successful treatment by sympathectomy of the pain, atrophy and vaso- 
motor and thermal disturbances associated with certain types of arthritis. 

In attributing these changes to a reflex disturbance, Vulpian excluded 
the cases of sympathetic paralysis and described a heterogeneous group 
of cases of a condition which Graves and Brown-Sequard afterward 
called reflex paralysis and Weir Mitchell *°® proposed to call paralysis 
of peripheral origin, or paralysis resulting from peripheral irritation. In 
this group were included instances of such conditions as hemiplegia and 
pneumonia and paralysis of an arm after gunshot injury to a thigh. 
Nevertheless, Weir Mitchell, Morehouse and Keen 
cases which may be compared to those under discussion, such as that 


106 


included some 


of a man bruised in the arm by a shell fragment in whom there later 
developed tonic spasm of the palmaris longus, brachialis anticus and 
flexor carpi ulnaris muscles. 

Babinski and Froment, although inclining to Charcot’s hypothesis 
of reflex origin, stressed the importance of the sympathetic nervous 
system in the genesis of these conditions and of the interesting accom- 
paniment of the patient’s state of mind. In fact, the mental condition 
is reminiscent of that of a soldier suffering from causalgia. Meige ‘*” 
said of it: 

A peculiar state of mind consisting of torpor and inertia, combined with the 
constant obsession of their infirmity; they keep their eyes on it, and protect it 
with their other hand, but yet they are in no pain. Solitary, anxious and care- 
worn, making no unnecessary gesture and perpetually on the lookeut, they show a 
perfect motor negativism for the affected limb. 


It is fruitless to review the various reasons expressed by authors 
for the pathogenesis of these disorders, since for the most part they 
are speculative. It remains, however, for others to study the disturbance 
from as many approaches as possible. It is of interest to note the 
report of a number of cases in which particles of metal dust were shown 
in the muscles by roentgenography ; to the presence of these particles 
attributed an irritation responsible for the condition 
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Léri and Roger 

104. Adson, A. W., and Rowntree, L. G.: The Surgical Indications for 
Sympathetic Ganglionectomy and Trunk Resection in the Treatment of Chronic 
Arthritis, Surg., Gynec. & Obst. 50:204-215, 1930. 

105. Mitchell, S. W.: Paralysis from Peripheral Irritation, with Reports of 
Cases, New York M. J. 2:321-355 and 401-423, 1866. 

106. Mitchell, S. W.; Morehouse, G. R., and Keen, W. W., Jr.: Reflex 
Paralysis, the Result of Gunshot Wounds, Founded Chiefly upon Cases Observed 
in the United States General Hospital, Christian Street, Philadelphia, Circular 6, 
Surgeon-General’s Office, Washington, D. C., Surgeon-General’s Office, 1864. 

107. Meige, H., in discussion, Rev. neurol. 23:549-552, 1916. 

108. Léri, A., and Roger, E.: Sur quelques variétés de contractures post- 
traumatiques et sur leur traitement, Paris méd. 19:24-52, 1916. 
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in some cases. Other foreign bodies might, likewise, be present and 
not demonstrable. In this connection, the recent experiments of Black, 
Burns and Zuckerman '°? on the wounding mechanism of missiles of 
high velocity are of great importance. The results suggest that a dis- 
proportionate degree of destruction of tissue is caused by bomb splinters 
of high velocity, owing to the fact that particles lying in their path are 
thrown radially with sufficient violence to leave a central cavity around 
which tissues at some distance from the track are momentarily stretched, 
The same mechanism would hold for other missiles of high velocity, 

Among the interesting fields for speculation is the behavior of the 
muscle, in which connection Babinski and Froment ''® theorized that 
the accumulation of physiologic poisons produced a condition whereby 
the muscle acted as if it were inthe first stages of veratrine poisoning, 

With the accession of knowledge concerning the chemical factors 
involved in muscle contraction, the production of cholinergic substances 
and the role of esterase, much may be expected from future studies, 
One field for investigation may be found in the possible sensitization 
of muscles ordinarily observed after denervation. All will recall how, 
aiter removal of the superior cervical sympathetic ganglion, pain and 
other stimuli giving rise to emotions produce paradoxic dilatation of 
the pupil. This, as observed in recent unpublished experiments by 
Davis, Martin and me, may occur as the result of hormonal or chemical 
stimulation of the ciliary muscles. Leéri and Roger *"* showed that when 
an Esmarch rubber band is applied to the root of the limb, as far as 
possible away from the group of muscles which has undergone con- 
tracture, circulation in the limb is thus suppressed and after several 
minutes the contracture disappears. As soon as the elastic band is 
released, contracture of the parts reappears. 

As an illustration of how the cause of a condition may easily be over- 
looked and lead to speculation, one may cite cases reported under the 
general heading of paralyses at a distance. Such were most of the 
cases reported by Weir Mitchell, Morehouse and Keen, which included 
instances of a wound of the right side of the neck followed by paralysis 
of the left arm, flesh wounds of the right thigh and complete paralysis 
of all extremities, wounds of the right thigh and paralysis of the right 
arm, wounds of the left thigh and analgesia of the right thigh, wounds 
of the right thigh and paralysis of the right arm and wounds of the 
right thigh and weakness and analgesia of the right hand. 


109. Black, A. N.; Burns, B. D., and Zuckerman, S.: Experimental Study of 
Wounding Mechanism of High-Velocity Missiles, Brit. M. J. 2:872-874, 1941. 
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The cases which I am about to describe were reported by Claude, 


111 in October 1915 under the name ot 


Vigouroux and Lhermitte 
muscular dystrophy of the myopathic type, a form of paralysis with 
muscular amyotrophy limited to the trapezius and serratus magnus 
muscles, sometimes on one side of the body and sometimes symmetric, 
involving both shoulders. 

The remarkable feature in the 4 cases, according to Benisty,''* was 
the occurrence of paralyses at a great distance from the wound. ‘The 
affected muscles were those of the shoulder girdle and the trapezius and 
serratus magnus muscles. Subsequently, the authors reported another 
case of paralysis of the trapezius and serratus magnus muscles following 
a rather superficial wound of the deltoid. Benisty ''* described a case 
of injury in the scapular region followed by paralysis of the serratus 
magnus and trapezius muscles. A number of other cases of paralysis 
of other peripheral nerves such as the sciatic, musculospiral and ulnar, 
were recorded. The paralyses in these cases were attributed to impair- 
ment of nutrition of certain muscles under the influence of traumatism, 
which gave rise to atrophy and secondarily to paresis. 

Every one, remembering the uniform administration of antitetanus 
serum, has already made the diagnosis, especially in the cases of paralysis 
of the trapezius and serratus muscles. 

In fact, later Lhermitte '’* reported on the effect of antitetanus serum 
therapy and cited 3 additional cases. He saw some ditferences between 
these cases and the cases reported by Claude, Vigouroux and Lhermitte, 
which, I think, are explained by the fact that in 3 of the latter the 
bullet wound was in the parotid triangle and the paralysis of the 
trapezius muscle may well have resulted from this. Kraus and 
Chaney ''* expressed the opinion that the cases were similar and that 
the significance of injection of antitetanus serum in relation to sub- 
sequent paralysis had not been recognized at that time. 

| have alluded to some of the known bodily effects of prolonged 
muscular activity, prolonged loss of sleep and exhaustion, associated 
with starvation and thirst, noise, fear and other emotions, blast and 


wounds. The effects of exhaustion, starvation, thirst, noise and loss of 

111. Claude, H.; Vigouroux, A., and Lhermitte, J.: Sur certaines dystrophies 
musculaires du type myopathique consécutives aux traumatismes de guerre, Presse 
23:393-396, 1915. 

112. Bénisty (Mme.), A.: Treatment and Repair of Nerve Lesions, London, 
University of London Press, 1918, p. 131. 

113. Lhermitte, J.: Les paralysies amyotrophiques dissociées du plexus brachial 
a type supérieur consécutives 4 la sérothérapie antitétanique, Gaz. d. hdp. 92: 
1053-1056, 1919. 

114. Kraus, W. M., and Chaney, L. B.: Serum Disease of the Nervous System: 
Report of Three Cases, Arch. Neurol. & Psychiat. 37:1034-1047 (May) 1937. 
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sleep have all been found in themselves, and while their resulting bodily 
responses are, in effect, not to be associated with evidence of psycho- 
neurosis, particularly hysteria, fear and similar emotions militate against, 
rather than encourage, the development of hysteria while the conditions 
evoking these emotions persist. 

Although there is considerable evidence of the physical disturbance 
resulting from blast, varying from disintegration to the minor, at times 
even unrecognizable, sequelae, neuroses do not develop in all men 
subjected to blast. Except for the immediate psychic symptoms fol- 
lowing blast, the symptoms of the neuroses subsequently developing are, 
for the most part, indistinguishable from those originating from circum- 
stances outside a battlefield. The neuroses developing after blast are 
as readily treated with success as those originating behind the lines. 

Large numbers of men who sustained trivial wounds to their 
extremities did not show any so-called physiopathic reflex nervous dis- 
turbances. In fact, I saw only a few cases, and from the absence of 
reports in the literature of the United States, apparently other observers 
likewise observed no great numbers. In some of the reported cases, 
psychotherapy was effective in the treatment of contracture and 
paralysis, if not of the vasomotor and thermal disturbances. 

Nevertheless, I do not know the effect of all these environmental 
changes, either alone or in combination, on the body of man. I do not 
know whether such effects, some evanescent, some more permanent, 
influence the subsequent responses of men—perhaps only some men are 
affected, certain men in one manner and others in another—and if 
they do I do not know how. I do not know of any one who does. 

I hope, and have reason to expect, that those who will have the 
opportunity of studying these environmental changes, some of which 
are peculiar to war, will be able, with the assistance of new methods of 
investigation and the advance of science generally, to make discoveries 
that will aid in explaining their effects, in addition to only naming them. 


Northwestern University Medical School. 


EFFECT OF AUTONOMIC DRUGS ON CEREBRO- 
SPINAL FLUID PRESSURE IN SCHIZO- 
PHRENIC AND OTHER PSYCHOSES 


I. EFFECT OF HISTAMINE 


EMERICK FRIEDMAN, M.D. 
AND 
THOMAS THALE, M.D. 


NORWICH, CONN, 


In an attempt to relate the biologic structure of schizophrenic 
psychoses to sluggishness or limited reactivity of the cerebral vasomotor 
system, it was believed quite possible to utilize routine lumbar punctures 
to study the comparative effect of autonomic drugs on the cerebrospinal 
fluid pressure. Histamine was the first autonomic drug thus employed 
because of its well known vasodilator action in human and in animal 
subjects. 

PROCEDURE 

Studies of the spinal fluid pressure were made on 63 patients with schizophrenia 
and 68 patients with other types of psychoses. The groups were comparable as 
to age and duration of hospitalization. Lumbar pressures were measured before 
and after withdrawal of 10 cc. of spinal fluid with the patient in the lateral recum- 
bent position. Pressures were then recorded ten minutes after subcutaneous 
injection of 1 ampule of histamine phosphate (1 mg. per cubic centimeter). A 
third series of recordings was made after another withdrawal of 10 cc. of fluid 
Levels of pressure were read in all cases to the nearest 10 mm. mark. 

As positive pressure controls, a mixed group of 20 patients was studied as 
already described except that injection of histamine was omitted. The lack of 
pressure change in ten minutes in this group indicated that the responses in the 
131 cases in the first group were due to histamine rather than to compensatory 
phenomena. 

RESULTS 

The table presents the statistical summary of the changes of cerebro- 
spinal fluid pressure in response to histamine in schizophrenic patients 
as compared with the observations on nonschizophrenic patients. 


From the Norwich State Hospital. 

The cases making up this study were from both the Norwich State Hospital 
and the Metropolitan State Hospital, Waltham, Mass. 

This paper was read in part at a meeting of the Boston Society of Psychiatry 
and Neurology, May 16, 1940. An abstract, with discussion, appeared in the 
November 1940 issue of the ARCHIVES, page 1148. 
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1. The critical ratios of the changes in pressure following withdrawal 
of fluid were very high, which shows that the fall in pressure was 
related to the withdrawal of fluid—a fact clinically accepted. It is noted 
that withdrawal of 10 cc. of spinal fluid caused the pressure to fall more 
in the nonschizophrenic group. The difference between the groups was 
12.7 mm., with a critical ratio of 2.8, which is suggestively significant, 


2. Critical ratios of rises in cerebrospinal fluid pressure following 


injection of histamine were over 3 for both the schizophrenic and the 


Responses of Cerebrospinal Fluid Pressure in Schizophrenic and in Nonschizo- 
phrenic Patients to Withdrawal of Flud and Subcutaneous 
Injection of Histamine Phosphate 


Groups of Patients 


Nonschizophrenie Schizophrenic 


Number of patients.. 


Mean initial pressure, mm 142.8 149.7 
Standard deviation of mean, mm............ $5.28 +5.5 
Difference between groups, mm...... 6.0 
Critical ratio of difference *................ OK 
Mean pressure after withdrawal of 10 ce. of fluid, mm..... 102.7 122 
Standard deviation Of MOAN, MM... +5.2 +7.4 
Mean change (fall) after withdrawal of 10 ec. of fluid. mm 40.1 27.4 
Standard deviation of mean change, mm...... +3.97 +5 .44 
Difference between change in groups, mm....... 12.7 
Critical ratio of difference........... nee ; 2.8 
Mean pressure after histamine, mm............. 143.4 140.9 
Standard deviation of mean, mm... Keeneland +4. +-7.0 
Mean change (rise) produced by histamine, mm. 40.7 18.6 
Standard deviation of mean change, mm....... +5327 +5.02 
Critieal ratio Of CRANE. 12. $.7 
Difference between change in groups, mm... 22.1 
Critieal ratio of difference........... 


Change 
Critical ratio: ; 
Standard deviation of change 


nonschizophrenic group, which shows that such rises could not be 
ascribed to random variations in pressure. The rise in pressure 
following injection of histamine was 22.1 mm. higher in the nonschizo- 
phrenic than in the schizophrenic group. This difference had a critical 
ratio of 3.7, which indicates the reliability of this difference. 

3. The figure shows the distribution of pressure changes following 
histamine. The tendency toward greater reactivity of the non- 
schizophrenic patients is quite apparent. 

The dispersions (standard deviations) for the schizophrenic group 
are somewhat greater than those for the nonschizophrenic group for all 
readings. This may be an indication of the lack of homogeneity of the 
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schizophrenic group, even when compared with a mixed group of 
patients with a number of other psychoses. 

One is struck by the relative nonreactivity of the cerebrospinal fluid 
pressure to histamine in the schizophrenic group. After withdrawal of 
the first 10 cc. of fluid the schizophrenic group had less fall in pressure 
—or had a more efficient adjustment of the cerebrospinal fluid 
dynamics. In other words, the schizophrenic patients responded with 
less of a fall in pressure to withdrawal of fluid and, on the other hand, 
with less of a rise in pressure to histamine. 


no. 
cases 


~30 0 30 60 90 120 150 


mm. 

Distribution curves showing changes in cerebrospinal fluid pressure in 63 
schizophrenic patients and in 68 patients with psychoses other than schizophrenia 
following subcutaneous injection of histamine phosphate. The horizontal line 
expresses in millimeters of cerebrospinal fluid, changes in cerebrospinal fluid pres- 
sure; the vertical line indicates the number of cases. The continuous line repre- 
sents nonschizophrenic and the broken line schizophrenic patients. 


The latter response could be expressed in a different manner. It 
was found that almost 75 per cent of the nonschizophrenic patients 
responded to histamine with rises of 30 mm. or more, while only a little 
over 40 per cent of the schizophrenic patients reacted to this extent. 
Furthermore, while, practically, 20 per cent of the schizophrenic patients 
displayed a fall in pressure after injection of histamine, only 7 per cent 


of the nonschizophrenic patients showed such a fall. 
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COM MENT 


The explanation for the relatively lesser response in cerebrospinal 
fluid pressure of the schizophrenic patients to histamine is possible only 
on a theoretic basis. 

Forbes and associates," Loman and Myerson * and Weiss and asso- 
ciates,® after investigation of the cerebrovascular action of histamine in 
human subjects and in animals, concluded that histamine brings about 
direct vasodilatation of the cerebral and pial vessels. The fact that 
histamine acts on the peripheral vascular branches regardless of their 
nerve supply and that various autonomic organs differ in their responses 
to histamine, according to Sollmann,* makes this type of study fruitful 
in an attempt to relate the psychosomatic pattern of schizophrenia to 
autonomic rigidity or limited reactivity. 

In our cases, the general factors of prolonged hypokinesis and 
habituation to a sedentary existence did not seem to play an important 
role. Practically all of the patients included in this study were of the 
chronic institutionalized type, regardless of their diagnoses. All of the 
patients included in this series were cooperative in the tests—data on 
combative, overtalkative and restless patients were excluded. 

The relatively diminished response of the cerebrovascular mechanism 
to histamine in schizophrenic patients may be related to similar obser- 
vations on the autonomic nervous system reported by other workers 
(bibliography collected by Lewis*®). The schizophrenic patients in this 
study who did display a significant response to histamine seemed on 
gross observation to be of the paranoid type and, furthermore, to “show 
no signs of deterioration.’ Statistically, however, the number of patients 
studied is as yet insufficient to constitute a valid test of this opinion. 


SUMMARY 


A method of studying the reactivity of the cerebrospinal ‘fluid 
pressure to autonomic drugs is described. This method was employed 
in comparing the cerebrovascular responses of 63 schizophrenic patients 


1. Forbes, H. S.; Wolff, H. G., and Cobb, S.: The Cerebral Circulation: 
The Action of Histamine, Am. J. Physiol. 89:266-272, 1929. 
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spinal Fluid and on the Internal Jugular Venous and Systemic Arterial Pressures 
of Man, Arch. Neurol. & Psychiat. 27:1226-1244 (May) 1932. 

3. Weiss, S.; Lennox, W. G., and Robb, G. P.: The Dilator Effect of Hist- 
amine on the Cerebral Vessels in Man, Proc. Soc. Exper. Biol. & Med. 26:706-707, 
1929. 

4. Sollmann, T.: A Manual of Pharmacology, ed. 5, Philadelphia, W. B. 
Saunders Company, 1936, pp. 440-444. 

5. Lewis, N. D. C.: Research in Dementia Praecox, New York, National 
Committee for Mental Hygiene, 1936, pp. 131-210. 
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and those of 68 patients with nonschizophrenic psychoses. Histamine 
was used in this first study because of its well known somatic action. 

Significantly smaller response of the cerebrospinal fluid pressure 
to subcutaneous injections of histamine was noted in the schizophrenic 
patients. This was associated with another observation, namely, that 
the schizophrenic patients tended to show less decrease of cerebrospinal 
fluid pressure after withdrawal of 10 cc. of fluid. 

This study indicated that schizophrenia may be characterized by a 
relatively limited cerebrovascular reactivity to administration of 
histamine. 


Norwich State Hospital. 
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Clinical, Technical and Occasional Notes 


ELECTRICAL SKIN RESISTANCE TECHNIC USED TO MAP 
AREAS OF SKIN AFFECTED BY SYMPATHECTOMY AND 
BY OTHER SURGICAL OR FUNCTIONAL FACTORS 


Frep G. WHetan, B.E., Curr P. Ricuter, Px.D., BALtTiMore 


During the past two years we have shown by means of the elec- 
trical skin resistance method, or measurement of the resistance offered 
to passage of minute direct current through the skin, (1) that areas of 
skin affected by upper thoracic or lumbar sympathectomy can be sharply 
defined on any part of the body, such areas having an abnormally high 
resistance; (2) that the patterns of these areas closely correspond to 
the sensory dermatomes and to areas which do not sweat, as was 
demonstrated by the Minor starch-iodine-sweating test (Richter and 
Woodruff?) ; (3) that areas affected by injection of procaine or alcohol 
into the sympathetic chain can be quickly and sharply defined, often 
within a few minutes after injection (Shumacker*), and (4) that the 
skin of normal persons manifests rather constant and hitherto entirely 
unsuspected areas of low electrical skin resistance on the face, hands, 
feet, axillas and antecubital fossae. The size and shape of these areas 
vary with sleep, external temperature, hair distribution and metabolic 
activity (Richter and Woodruff*). For example, the facial pattern 
which under ordinary conditions includes the eyes, nose and mouth 
becomes constricted to include only the mouth under conditions of cold 
and during sleep. 

\ simplification of the nonpolarizable electrodes ordinarily used for 
studies of skin resistance has made it possible to map these areas of 
high and low resistance on the skin. Along with other workers, we 
had long believed that a paste or some other substance’ was necessary 
to make contact between the metal of the electrodes and the skin and 


This work was carried on under a grant from the John and Mary R. Markle 
Foundation, 

From the Departments of Electrical Engineering and Psychiatry; Johns Hop- 
kins University. 
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11:949 (June) 1942. 

3. Richter, C. P., and Woodruff, B. G.: Facial Patterns of Electrical Skin 
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that without such a substance the electrode would become polarized 
and thus invalidate the results. The substance which we had used for 
many years was a paste made of kaolin and saturated solution of zinc 
sulfate (Richter *). When the zine electrode, covered with the kaolin 
paste, was moved from place to place on the skin, the entire body quickly 
became covered with paste. Repeated readings over the same area gave 
ever lower readings on account of the stimulating effect of the paste 
itself. Contrary to the current belief, we found that a zine disk without 
any paste at all gave excellent results. Such an electrode could be 
moved freely over the skin of the body, and readings could be made 
indefinitely without changing the level of the skin resistance. 

A brief description of the technic will suffice for present purposes. The 
hgure shows dermometer and the electrodes constructed for this work. One 
electrode (41), a % inch (1.3 cm.) disk attached to a clip, is fastened over 


an ear lobe. It consists of a ™% inch zine disk soldered to the inner surface of 
one of the two flat arms of a specially built pinch clip about 3 inches (7.5 cm.) 


long. The arm which carries the disk ends in a small hook bent in toward the 
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Dermometer and electrodes used to measure skin resistance 


other arm. The hook placed over the antitragus prevents dislodgement of the 
clip when the subject moves about. The other electrode (/) consists of a 

inch (0.6 cm.) zine disk soldered at right angles to the end of an insulated % 
inch (0.3 cm.) zinc rod 3 inches (7.5 cm.) long. With this rod as a handle the 
flat surface of the zinc disk can be applied to the skin on any part of the body. 
The electrodes are connected to a box which contains an ammeter, two rheostats, 


a switch and three 41% volt, dry cell radio batteries. The portable box and all 
of the equipment can be used at the beside, in the operating room and in the 
laboratory. The figure also shows the wiring plan. 

In examination of a sympathectomized patient the movable electrode is placed 
over the affected area, which always has an abnormally high resistance. The 
rheostats are then set so that only a very small current flows through the body 
between the electrodes, indicated by a small deflection of the ammeter pointer. 
The electrode is then moved in small steps toward the normal areas of the skin 
A sudden full deflection of the pointer entirely across the dial of the ammeter 
indicates the arrival over a normal area. If the electrode is moved back and 

4. Richter, C. P.: The Sweat Glands Studied by the Electrical Resistance 


Method, Am. J. Physiol. 68:147, 1924. 
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forth in progressively smaller steps between the affected and the normal area, 
a point of demarcation can be determined. If successive points of demarcation 
are linked together, a line is obtained the ends of which ultimately join to form 
a boundary of the- patterns of low and high skin resistance. The line of demarca- 
tion is usually sharp, rarely being more than % inch (0.3 cm.) wide. The areas 


for the face and those for the hands are determined by essentially the same 
method. 


This technic is now being used to map areas affected by injuries of 
peripheral nerves and to follow the process of regeneration of the sutured 
nerves, as well as to map areas of referred pain and areas affected by 
tumors of the spinal cord or other destructive processes. 


Johns Hopkins University. 


Obituaries 


STEPHEN WALTER RANSON, M.D. 
1880-1942 


Stephen Walter Ranson, professor of neurology and director of the 
Neurological Institute at the Northwestern University Medical School, 
died of coronary thrombosis at Chicago on Aug. 30, 1942, two days 
alter he had reached his sixty-second birthday. He is survived by his 
wife, Tessie, and by 3 children, Capt. Stephen W. Ranson, Mrs. 
Margaret Jane Lacy and Miss Mary Elizabeth Ranson. 

Dr. Ranson was born at Dodge Center, Minn., on Aug. 28, 1880 
and was the son of Dr. Stephen William and Mary Elizabeth Foster 
Ranson, who were of English and Welsh extraction. Dodge Center 
was his home until he entered the University of Minnesota, in 1898. 
The son of a physician, he grew up in a family of 6 children, 3 daughters 
and 3 sons, of which he was the youngest. It is interesting to note 
that of this family, 3 became physicians and 1 received the degree oi 
Doctor of Philosophy in psychology. From early childhood Dr. Ranson 
exhibited a strong sense of responsibility and initiative in doing important 
things without direction. He finished high school in three years. After 
his entrance into the University of Minnesota, he came under the influ- 
ence of Prof. J. B. Johnston, who developed in him an intense interest 
in the nervous system. During the summer following his first year, 
when he was just 19 years old, he set up a laboratory in the barn on 
the family property in Dodge Center and started experiments on cats, 
his favorites for experiments throughout his life. He did the same 
thing the following summer and then, subsequent to the end of his 
third year, he transferred to the University of Chicago. In 1902, he 
received the degree of Bachelor of Arts from the University of Minne- 
sota and entered graduate work at the University of Chicago. Here 
he worked under the direction of the late Prof. H. H. Donaldson. He 
received the degree of Master of Science in 1903 and that of Doctor 
of Philosophy in 1905. His dissertation was entitled “Retrograde 
Degeneration in the Spinal Nerves.” In 1904, while still a graduate 
student, he went with the late Prof. A. C. Eycleshymer to the St. Louis 
University School of Medicine and helped with the work in the depart- 
ment of anatomy there for part of the year. He served as a fellow 
in neurology at the University of Chicago in 1904-1906, and in 1907 
he was awarded the degree of Doctor of Medicine from Rush 
Medical College. After a year’s internship at the Cook County Hos- 
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pital, he had planned to establish a practice in Chicago. However. 
Prof. Arthur W. Meyer, who was professor of anatomy at North- 
western University Medical School during the year 1908-1909, induced 
Dr. Ranson to take an appointment as associate in anatomy. When Dr, 


STEPHEN WALTER RANSON, M.D. 
1880-1942 


Meyer left for Stanford University the following year, Ranson took 
two important steps. He decided to carve out his career in anatomy 
and accepted an appointment as assistant professor and acting head of 
the department. On Aug. 18, 1909 he married Miss Tessie Grier 


Rowland, of Oak Park, Ill, who entered into the spirit of his career 
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and made his life with his family a most pleasant one, in a home that 
radiated hospitality. In 1910, he became associate professor and then, 
in 1912, professor and head of the department of anatomy at North- 
western University, where he served for the subsequent twelve years. 
He spent the year 1910-1911 at Freiburg, Germany, in Professor 
Wiedersheim’s laboratory. During these years, he accomplished much 
in the face of obstacles. The medical school was then located on the 
south side of Chicago, and the quarters for the department were inade- 
quate, as was the budget. In addition to carrying a heavy teaching 
load in a most conscientious fashion and to conducting many important 
researches, he was a leader in the advancement of scientific medicine 
in his institution. 

In 1924, he went to the Washington University School of Medicine, 
in St. Louis, to become professor of neuroanatomy and head of the 
department of neuroanatomy and histology. He was extremely happy 
with his opportunity there, which offered him a reduced teaching load 
and excellent facilities for research. However, Northwestern University 
had never become reconciled to his leaving and induced him to return 
to the Northwestern University Medical School on Feb. 1, 1928, to 
become professor of neurology and director of the newly formed 
Neurological Institute there. He had envisioned such a development 
in neurology and had spent the summer of 1926 at Queen’s Square 
Hospital, in London, with Gordon Holmes and Kinnier Wilson in 
following the clinical material there and the methods of treatment. He 
remained at Northwestern University the rest of his life, where his 
influence was felt throughout the institution, but he devoted himself 
mainly to building, developing and maintaining one of the most pro- 
ductive schools of neurology that has ever existed. The first annual 
volume appeared in 1929, and each year since the work of the Institute 
has been presented and collected in such a volume. The total is a most 
formidable array of important contributions. His task was not an easy 
one, but in his quiet manner he met the p lems as they arose. He 
felt keenly his responsibility to make this institute a successful venture, 
and he bent his complete energy to attaining this end. 

His own research is recorded in a bibliography of 205 titles! and 
gives expression to his interest in the nervous system from a morphologic 
and a functional standpoint. Demonstration of the structure of a part 
of the nervous system was a challenge to him to learn its functional 
significance. He was the leader of an important school of mammalian 
neuroanatomy and neurophysiology. He was interested throughout his 
life in anatomic makeup of the peripheral, cerebrospinal and visceral 
nervous systems, including degeneration, regeneration and distributions 

1. This bibliography has been published by H. W. Magoun (Quart. Bull. 
Northwestern Univ. M. School 16:304-310, 1942). 
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of the various types of nerve fibers. His demonstration of unmyelinated 
nerve fibers, as early as 1909, was made more evident with the intro- 
duction of his pyridine-silver technic in 1914, an important modification 
of one of Cajal’s. He observed unmyelinated fibers in large numbers 
in sensory nerves and devised experiments to show that they mediate 
pain sensation. Owing to opposition here and in England, Ranson 
experienced a long, up-hill struggle in securing recognition for this 
point of view, but later experiments of his own and the cathode ray 
oscillograph analyses, such as were made by Erlanger, Gasser, Bishop 
and others, have more than vindicated his earlier work. His recog- 
nition of unmyelinated fibers made his histologic analyses of the periph- 
eral visceral nervous system much more complete than previous ones. 
He analyzed peripheral and central visceral afferent pathways and 
vasomotor centers in the medulla oblongata and did a review on “Afferent 
Paths for Visceral Reflexes” in the first volume of Physiological 
Reviews. 

For a period of years he worked on the mechanisms involved in 
postural contractions, or what was then called muscle tonus. He finally 
convinced himself that there was no postural influence exerted by efferent 
impulses over dorsal root fibers. This turned his attention to reflex 
physiology, with a study of spinal reflexes and the regulation of limb 
reflexes by various levels of integration in the central nervous system. 
Ranson and his colleagues first became interested in the hypothalamic 
region through a chance observation that “hypothalamic” animals could 
walk. The initial interest in this region was for its significance in 
somatic motor integrations, and it was for their study that Ranson intro- 
duced the Horsley-Clarke stereotoxic apparatus into his laboratory in 
1930. He had seen this apparatus used in work on the cerebellum 
in progress under the direction of Dr. Ernest Sachs at Washington 
University. 

After early experiments in refining the technic, establishing anatomic 
controls and studying somatic motor integration in the midbrain, sub- 
thalamus and hypothalamus, he directed the attention of his laboratory 
toward the analysis of visceral responses elicited by stimulations in this 
region and of symptoms arising from lesions accurately placed by 
electrolysis. The precision of observation and anatomic controls extended 
and greatly amplified the earlier work, such as that of Karplus and 
Kreidl and of Isenschmid and Krehl, done some twenty years previously. 
Paper after paper appeared elucidating such problems as the significance 
of the hypothalamus and the hypophysis in water exchange and the 
syndrome of diabetes insipidus, and of the hypothalamus in temperature 
regulation, obesity, sexual function, emotional expression, catalepsy 
and other abnormal conditions. A review of this work leads to the 
conclusion that the hypothalamus serves as a level of visceral integra- 
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tion from which impulses are directed, on the one hand, to the hypophysis, 
and, on the other, down the brain stem and the spinal cord to activate 
visceral motor neurons at these different levels. During this time, there 
were other experiments, such as those on the pathways for pupillary 
light reflexes and the function of the cerebellum and anatomic and 
physiologic studies on the corpus striatum. The corpus striatum occu- 
pied much of his attention at the last, and this work was particularly 
enjoyable because his son, Stephen, and his daughter Mary cooperated 
in it and because it was possible to clarify a number of anatomic 
ambiguities in this region. A short time before his death, he again 
turned his attention to problems of nerve regeneration, and he was out- 
lining a new experimental approach to this problem. 

That his work was widely recognized is indicated by the lectures 
he was requested to give: the Weir Mitchell Oration (1934), the 
Harvey Lecture (1936), the Dunham Lectures (1940) and the Hugh- 
lings Jackson Lecture (1941). Volume XX (1940) of the Association 
for Research in Nervous and Mental Disease, Proceedings, entitled 
“The Hypothalamus and Central Levels of Autonomic Function,” con- 
tains the following dedication: “In recognition of the distinguished 
contributions to knowledge of hypothalamic functions made by himself 
and by the students he has inspired, this meeting of the association is 
dedicated by the trustees to Stephen Walter Ranson.” 

In addition to these contributions in the experimental field, Ranson 
was the author of the textbook, “The Anatomy of the Nervous System,” 
the first edition of which appeared in 1920, and just before his death 
he had completed the seventh edition. The appearance of this textbook 
brought the teaching of neuroanatomy to a much higher plane and has 
been a most important factor in the development of this branch of 
anatomy in a superior fashion in the United States. It is an expression 
of his systematic, orderly and thorough approach, and generations of 
medical students have profited from its use. In the earlier years of his 
teaching, he taught gross anatomy, as well as neuroanatomy. At 
Washington University he taught histology and neuroanatomy. He 
was extremely conscientious as a teacher, and his kindly and sympathetic 
manner will be remembered by many a student. When he returned to 
Northwestern University, in 1928, he gave up undergraduate teaching. 
When one of his associates expressed regret over this, his reply was, 
“When you have taught as long and as much as I have, you will wel- 
come an opportunity to give it up.” He welcomed it, not because of 
a fundamental dislike for teaching, but because it would give him greater 
opportunity for his experimental work. 

Into the work of his laboratory he attracted many students, both 
from this country and from abroad, who worked under his direction. 
He had the happy faculty of stimulating teamwork, an intense interest 
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in experimental work and the utmost loyalty. He trained many men 
who now have teaching posts in anatomy and physiology in various 
institutions. In addition are the men in clinical medicine, not only jp 
neurology and in psychiatry but in pediatrics, surgery, medicine ‘and 
other specialties, who spent time under his tutelage. His enthusiasm 
was infectious and his training rigid and demanding, and he has made 
better physicians of those who were with him. He spent endless time 
in looking over and sizing up candidates who desired places in his 
laboratory, because he wanted the best material he could find and because 
he realized the importance of teamwork and cordial relations on the part 
of his staff. He used similar discrimination in the choice of his tech- 
nicians and laboratory attendants. He kept his hand in the experiments, 
carried his share of the load and gave great attention to the designing 
of his experimental attack. He was extremely critical and difficult to 
convince. His publications demonstrate his extreme care for complete- 
ness, minutiae and controls. He was a trained morphologist with such 
strong interests in physiologic significance that he instinctively turned 
to and developed methods for the study of neurophysiology that have 
withstood critical appraisal. He had a keen appreciation for the prob- 
lems of clinical neurology and the implications of his work in this field. 
However, he did not deviate from his objectives in fundamental problenis 
of morphology and physiology in his attack on the nervous system. 

He was a fellow of the American Association for the Advancement 
of Science and a member of the National Academy of Science, the 
American Neurological Association, the American Physiological Society 
and the American Association of Anatomists, of which he was president 
from 1938-1940. He served for a number of years on the Committee 
on Nomenclature of the American Association of Anatomists, and he 
was a member of the editorial board of the ARCHIVES OF NEUROLOGY 
AND Psycutatry. His medical fraternity, Phi Beta Pi, established an 
annual lectureship in his honor at the Northwestern University Medical 
School in 1929. He was elected to Alpha Omega Alpha while an under- 
graduate medical student. 

Dr. Ranson was a dignified, modest and retiring man, who felt 
keenly his responsibility for leadership for the advancement of knowledge 
in neurologic sciences. There was no place for sham, bluff or front in 
his makeup, and he easily recognized it in others. He did not hesitate 
to question dogma and didactic authorities and to stand his ground 
against attack and criticism. He was a worthy opponent, but a fair 
one, in any argument. He could dissociate evidence from the fluency 
of presentation and would probe beneath the surface and veneer of 
salesmanship for the real facts. He worked diligently all his life, even 
to the detriment of his own health in later years. He nursed a gastric 
ulcer for the last ten years of his life. His interest was in estab- 
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lishing factual evidence rather than in selling himself. He was a 
devoted husband and father, who found time to enjoy and contribute 
to the family circle. He was very pleased that his son, Stephen, chose 
medicine as a profession and that he secured a thorough training 
for clinical neurology. Likewise, his daughter Mary showed proficiency 
in her work with him in the laboratory. He was a proud grandfather 
and exhibited great interest in his three grandchildren. 

The students who passed through his laboratory were extremely 
loyal to him and appreciated the fatherly interest he took in their 
scientific development and their personal problems. They continued 
to communicate and visit with him for help and advice long after they 
had left his laboratory. He always made them feel welcome. There 
was a spirit of give and take, of fellowship and of dignified respect, 
without any exhibition of austere domination. He was a leader of 
strength and high ideals, whose accomplishments will live through time 
and whose influence will be continued by his students and associates. 


JosepH C. Hinsey, Pu.D. 


Abstracts from Current Literature 


Epitep BY Dr. BERNARD J. ALPERS 


Anatomy and Embryology 


\ CYTOARCHITECTURAL STUDY OF THE SHEEP CorTEX. JERZY E. Rose, J. Comp. 

Neurol. 76:1 (Feb.) 1942. 

Rose has divided the cerebral cortex ot the sheep into holocortex septemstra- 
tificatus, bicortex, mesocortex, holocortex bistratificatus, schizocortex and _ semi- 
cortex. Each of these cortices he further subdivides into regions and into areas 
on the bases of morphologic and topographic properties. 


\ppison, Philadelphia. 


[Tue CEREBRAL CORTEX IN THE GROUNDHOG (MARMOTA MONAX) AND THE DEER 
MousE (PrEromyscus MaAnicuLatus). H. CHANDLER ELviott, J. Comp. 
Neurol. 76:75 (Feb.) 1942. 

Two dimensional maps are presented to show the extent of the areas of the 
cerebral cortex of the groundhog and of the deer mouse. The occipital cortex of 
the groundhog and the temporal cortex of the deer mouse show a greater devel- 
opment than those of other rodents. The parietal area is large in both species, 
but the frontal area is small in the groundhog, as it is in other large rodents. 


Appison, Philadelphia. 


Physiology and Biochemistry 


EFFECT OF AMOUNTS OF SINGLE VITAMINS OF THE B Group upon Rats DeErt- 
CIENT IN OTHER VITAMINS. KLAUS UNNA and JOSEPHINE LD. CLARK, Am. 


J. M. Sc. 204:364 (Sept.) 1942. 


Unna and Clark studied the manner in which the course and the manifesta- 
tions of deficiencies due to the lack of one factor of the vitamin B complex may 
be influenced by the prolonged administration of excessive amounts of the various 
other members of the B group. Experiments were carried out on 920 male albino 
rats. At 3 weeks of age the rats were placed on highly purified diets deficient 
either in the entire vitamin B complex.or in individual factors, such as riboflavin, 
pyridoxine or pantothenic acid. The rats maintained on the various diets were 
divided into series of 20 each. Each series received a daily supplement of one 
vitamin in an excessive amount. The rats were subdivided into three groups of 
20 each. One group received no supplement; the other two groups were fed daily 
10 micrograms and 1 mg. of thiamine hydrochloride respectively. The rats receiv- 
ing no supplement declined in weight, whereas the rats receiving either 10 micro- 
grams or 1 mg. of thiamine hydrochloride maintained their weight for a period 
of six weeks. 

Three hundred and sixty rats, divided in three equal series were placed on 
diets deficient in riboflavin. One series received no riboflavin. The other two 
were given a daily supplement of 2 and 10 micrograms of riboflavin respectively. 
Each of the three series was subdivided into one group of 40 animals receiving 
no further supplement and four groups of 20 animals each receiving excessive 
amounts of thiamine hydrocholide (1 mg.), nicotinamide (10 mg.), pyridoxine 


(1 mg.) and pantothenic acid (10 mg.) respectively. All animals receiving no 
riboflavin gained about 13 Gm. during the first three weeks, after which period 
eir weights became stationary. The additional feeding of 2 micrograms of 
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riboflavin per rat per day to the second series of rats on the riboflavin-free diet 
resulted in average gains in weight of about 40 to 50 Gm. for a period of ten 
weeks. 

Three hundred rats, divided into three equal series, were placed on diets defi- 
cient in pantothenic acid. One series of animals received no pantothenic acid; 
another series of animals received a daily supplement of 25 micrograms of calcium 
pantothenate per rat, an amount insufficient for optimum growth. The third series 
was given 100 micrograms of calcium pantothenate. The three series of animals 
were subdivided into three groups of 20 each and were fed large daily doses of 
single vitamins. The animals of the first series, which received no pantothenic acid, 
vained between 20 and 30 Gm. during the first three weeks. In the second series 
of animals, which received a daily supplement of 25 micrograms of calcium panto- 
thenate, no difference in the rate of growth of the various groups was noted. 
The third series gained at a rate of approximately 3 Gm. per rat per day. In 
this series there was no difference in the rate of growth between the control and 
the other groups receiving large amounts of other vitamins. 

Two hundred rats were placed on a diet free from pyridoxine. A group of 
100 animals receiving no further supplement served as a control for two groups 
of 50 rats each which were given a daily supplement of 1 mg. of thiamine hydro- 
chloride and 10 mg. of calcium pantothenate respectively. No difference was 
observed between the rates of growth of the three groups. The authors conclude 
that prolonged administration of large amounts of individual vitamin of the B 
group to rats subsisting on diets either entirely free from or partly deficient in 
one or more factors of the vitamin B complex failed to aggravate the manifesta- 


tions of the deficiency state. MICHAELS. Boston. 


A Stupy oF THIAMINE DEFICIENCY IN SWINE. MAXWELL M. WINTROBE, 
Harotp J. Stern, Mitcnert H. Ricnarp H. Jr., Victor 
NaJJAR and Stewart Humpureys, Bull. Johns Hopkins Hosp. 71:141 
(Sept.) 1942. 

Pigs, about 3 weeks old, were fed a simple diet poor in the vitamin B complex. 
Acute and relatively chronic states of thiamine deficiency were produced by adding 
no, or only inadequate quantities of, thiamine hydrochloride. 

The outstanding symptoms of thiamine deficiency were failure of appetite, 
vomiting, dyspnea, cyanosis and sudden death; poor growth was a less striking 
sign. When death occurred, the terminal symptoms were those of acute severe 
cardiac failure. No edema other than that of the lungs was ever noted. Once 
vomiting or anorexia had appeared, symptoms of cardiac failure often developed 
suddenly and unexpected death sometimes occurred. In all the animals which 
died after thiamine deficiency focal necrosis of the myocardium was observed. 
There were no neurologic symptoms or degenerative changes of the nervous system. 

The pyruvic acid content of the blood and the thiamine in the urine were 
measured. These observations suggest that the urinary thiamine excretion reflects 
only the immediately preceding thiamine intake. The thiamine tolerance test is 
a useful measure of thiamine deficiency states. The pyruvic acid content of the 
blood, although influenced by factors in addition to the thiamine and the carbo- 
hydrate intake, was found to be correlated with the onset and the severity of 
symptoms of thiamine deficiency. More useful than a single determination of 
the pyruvic acid level of the blood, however, was a comparison of the values 
before and after the administration of a measured amount of dextrose. 


Price, Philadelphia. 


ApHasta Arter Mayor TeEMporRAL LopectomMy. A. RANEY, ARNOLD P. 
FRIEDMAN and J. M. Nrersen, Bull. Los Angeles Neurol. Soc. 7:154 (Sept.) 
1942, 

The authors report a case of aphasia following major temporal lobectomy for 

a large left temporo-occipital neoplasm. A study of the language function made 
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three weeks after operation showed that the patient’s language formulation was 
completely lost. She had no ability to read or write and had slight retention of 
ability to comprehend spoken language. She was able to recognize objects and 
colors and had complete right homonymous hemianopia. 


LESKO, Bridgeport, Conn. 


Nicotinic Acip DeFicieNcy Stupies In Docs. A. E. SCHAEFER, J. M. McKippiy 

and C. A. E_venjem, J. Biol. Chem. 144:679, 1942. 

Uncomplicated nicotinic acid deficiency in young dogs may be produced on 
a highly purified casein-sucrose ration supplemented with thiamine, riboflavin, 
pyridoxine, pantothenic acid and choline. This ration seems suitable for the 
assay of food materials for their nicotinic acid content. The requirement of 
nicotinic acid, as calculated by single dose feedings, for adult dogs ranges from 
200 to 225 micrograms per kilogram of body weight per day, and for young 
growing puppies it ranges from 250 to 365 micrograms per kilogram. Feeding 
sulfapyridine (2-[paraaminobenzenesulfonamido]-pyridine) inhibits the response of 
the nicotinic acid-deficient dog to nicotinic acid, nicotinamide, dried liver and 
liver extract powder. This inhibition is overcome by feeding of fresh liver. 


Pace, Indianapolis. 


ARTERIAL AND CEREBRAL VENOUS BLoop. L. F. Nis, E. L. Grpss and W. G. 

LENNOX, J. Biol. Chem. 145:189, 1942. 

Rapid alteration of the carbon dioxide content of the arterial blood in man 
and in anesthetized monkeys modifies both the frequency and the amplitude of 
the electrical potentials obtained from the cerebral cortex. Chemical examination 
of the internal jugular venous blood of healthy young men, when rapid increases 
or decreases of carbon dioxide in the arterial blood are produced, reveals the 
presence of effective mechanisms which serve to protect the brain from altera- 
tions of its acid-base balance. A direct relation between the inorganic phosphorus 
and the carbon dioxide level of the blood and an inverse relation between the 
lactic acid and the carbon dioxide level have been found during changes in carbon 
dioxide concentration of the arterial blood when these alterations are produced 
by breathing carbon dioxide—enriched air and by pulmonary overventilation. 


Pace, Indianapolis. 


AUTONOMIC RESPONSES TO ELECTRICAL STIMULATION OF THE FOREBRAIN AND 
MIDBRAIN WITH SPECIAL REFERENCE TO THE PupiLt. Ropert Hopes and 
H. W. Macown, J. Comp. Neurol. 76:169 (Feb.) 1942. 


By means of the Horsley-Clarke technic Hodes and Magoun stimulated the 
forebrain and the midbrain of 40 cats anesthetized with chloralosane (a compound 
of chloral hydrate and dextrose) or ethyl carbamate by a condenser discharge of 
a constant frequency of 120 per second. Stimulatory effects on the sympatheti- 
cally or parasympathetically denervated iris, the nictitating membrane, piloerec- 
tion on the tail and the blood pressure were observed. The areas stimulated 
were mapped on outline drawings. Excitor regions for the sympathectomized iris 
were found rostral to the anterior commissure and extended as far caudally as 
the level of the superior colliculus. Excitor regions for the parasympathectom 
ized iris, the nictitating membrane and piloerection extended from the level of the 
optic chiasm without interruption through the hypothalamus and passed into the 
midbrain by way of the periventricular fibers and fibers running caudally into 
the tegmentum from the lateral hypothalamic area. The effects on blood pressure 
were practically ‘identical with those previously reported. 


FRASER, Philadelphia. 
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RELATION OF FIBRILLATION TO ACETYLCHOLINE AND POTASSIUM SENSITIVITY IN 

DENERVATED SKELETAL Muscie. J. W. MacrLapery and D. Y. SoLanpt, 

J. Neurophysiol. 5:357 (Sept.) 1942. 

Denervation rendered skeletal muscle much more sensitive to acetylcholine and, 
to a less degree, to potassium chloride. Small concentrations of these agents, 
when injected intra-arterially, produced action potentials comparable to and super- 
imposed on those of fibrillation. This excitation was abolished by quinidine in 
doses which would arrest fibrillation. It was suggested, therefore, that the fibril- 
lation seen in skeletal muscle after denervation of the lower motor neuron arose 
from increased sensitivity of denervated muscle to chemically induced excitation. 
The present experiments indicated that acetylcholine, potassium or both might be 
the usual causative agent or agents. Avpers, Philadelphia. 


ErFEcT OF ALCOHOL IN EXPERIMENTAL Liver Crrruosis. J. V. Lowry, L. L. 


AsHBURN, Fioyp S. Darr and W. H. SeBRELL, Quart. J. Stud. on Alcohol 

3:168 (Sept.) 1942. 

The authors present evidence to show that cirrhosis of the liver may be pro- 
duced in rats by dietary deficiency without the use of alcohol. However, when 
alcohol was substituted for drinking water, the hepatic cirrhosis was usually 
more severe. The action of the alcohol in these cases is not clear, but it is 
suggested that alcohol acts by more complex mechanisms than direct toxicity. 


Lesko, Bridgeport, Conn. 


CHEMICAL CHANGES IN THE BLooD AND THE OCCURRENCE OF UREMIA FOLLOWING 
Heap Injury. J. N. Cumincs, J. Neurol. & Psychiat. 5:40 (Jan.-April) 
1942. 

Of 25 patients with injury to the head, Cumings found no significant changes 
in the chemical constituents of the blood other than a raised inorganic phosphate 
content in persons with severe cerebral lesions. In 17 other patients with head 
injury both the blood and the urine were studied biochemically. Of this group, 
uremia developed in 4 patients and the urea and phosphate levels of the blood 
were increased, with a normal volume of urine but with a high excretion of urea 
in an acid urine. Autopsy on 2 of these patients revealed evidence of renal lesions 
which differed from those in cases of traumatic anuria following crush injuries 
of the limbs. There were alterations in the chemical content of phosphate and 
uric acid in the kidneys of the 2 patients who died of uremia. It is not known 
whether the underlying mechanism is that associated with damaged cerebral tissue 
or with some renal abnormality. Alkalis produced clinical improvement in 1 
patient with a raised urea content of the blood. 


N. MALAMupD, Ann Arbor, Mich. 


THe Errect oF HyperToNIc GLUCOSE SOLUTIONS ON THE INFLOW oF NORMAL 
SALINE SOLUTION INTO THE SUBARACHNOID SPACE OF THE Doc. T. H. B. 


Beprorp, J. Physiol. 101:106, 1942. 


Hypertonic (25 or 50 per cent) solution of dextrose, as well as hypertonic solu- 
tions of levulose and sodium chloride, caused an increase in cerebrospinal fluid 
pressure, with a corresponding decrease in the rate of inflow of physiologic 
solution of sodium chloride under constant pressure into the subarachnoid space 
after a brief interval during which the opposite effect was observed. This interval 
was longer when sodium chloride was used. Edema and swelling of the brain were 
a frequent result, especially after administration of dextrose. The author con- 
cludes that this is the most characteristic result of the intravenous administration 


ota hypertonic solution of dextrose in the dog. Tuomas, Philadelphia. 
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Tue CHOLINERGIC NATURE OF THE NERVES TO THE ELECTRIC ORGAN OF THE 
W. FELpDBERG and A. FeEssarp, J. Physiol. 101:200, 1942, 
Feldberg and Fessard conclude that the nerves to the electric organ of the 

torpedo are cholinergic on the basis of the following evidence: (1) The organ 

contains between 40 and 100 mg. of acetylcholine per gram of fresh tissue; (2) 

the acetylcholine content of the perfusion fluid is increased by stimulation of the 

nerves to the perfused organ; (3) intra-arterial injection of acetylcholine has an 
electrogenic effect, and (4) physostigmine increases the sensitivity of the organ to 


intra-arterial acetylcholine. Tuomas, Philadelphia 


Meninges and Blood Vessels 


[HE PROGNOsIS OF PNEUMOCOCCIC MENINGITIS TREATED WITH CHEMOTHERAPY, 

G. HoLttanper, Am. J. M. Se. 203:370 (March) 1942. 

Hollander reviews 260 reported cases of pneumococcic meningitis in which 
chemotherapy, with or without specific serum was employed, in an attempt to 
evaluate the effectiveness of each of the therapeutic agents, alone and combined. 
In 160 cases in which chemotherapy alone was employed, sulfapyridine (2-[para- 
aminobenzenesulfonamido]-pyridine) proved to be a more efficacious drug than 
sulfanilamide. The percentages of recovery with sulfapyridine therapy alone and 
with sulfapyridine-serum therapy are the same (58 per cent). The irregularity 
of absorption of the drug leads to difficulty in estimating the dosage. The efficiency 
of the sulfanilamide drugs is relatively unimpaired by the type of the pneumococcus 
involved. In cases of meningitis due to types III and V the combined sulfapyridine- 
serum therapy seems to be indicated. The prognosis for pneumococcic meningitis 
secondary to pneumonia is poor. Combined treatment with sulfapyridine and 
serum gives the best prognosis in the age period between 10 and 20 years, in 
which almost one third of the recoveries have occurred. The prognosis is 
favorable if the cerebrospinal fluid is sterilized within four days after the admin- 
istration of sulfapyridine. Sulfapyridine is the drug of choice in the treatment of 


pneumococcic meningitis. MICHAELS. Boston. 


ToruLA MENINGITIS. N. Warvi and Ruton W. Rawson, Arch. Int. 
Med. 69:90 (Jan.) 1942. 


Warvi and Rawson call attention to the frequency with which torula meningitis 
is associated with Hodgkin’s disease. Seventy-eight cases of torula meningitis 
have been noted to date. Torula is a yeastlike organism and is only rarely patho- 
genic for man. It differs from a true yeast in that it does not produce endospores 
and forms myceliums only under certain cultural conditions. The effect of the 
organism is the production of granulomatous lesions which grossly resemble those 
of tuberculosis. There is little known of the early stage of the clinical course 
because the diagnosis is rarely made until the meningitis is well established. The 
respiratory tract is the portal of entry, but the interval that precedes the onset 
of cerebral involvement is unknown. Signs and symptoms of increased intracranial 
pressure become progressively more severe, and death usually results from 


respiratory failure. Spread of the disease is by embolic dissemination, and 
organisms may be cultivated from the blood, urine and spinal fluid. Examination 
of the spinal fluid is of the greatest help in the diagnosis. The pressure 1s 


increased, and the fluid is turbid or gelatinous, with marked increase in proteins. 
The cell count is elevated, with lymphocytes predominating. The most definite 
diagnostic procedure is said to be biopsy of the meninges. All treatment has 
been ineffective except for the use of repeated lumbar punctures. 

The authors present the eighth reported case of torula meningitis in association 
with Hodgkin’s disease. The course was insidious and intermittent, but was 
progressive and terminated fatally. The increasing intracranial involvement caused 


ABSTRACTS FROM CURRENT LITERATURE 469 


severe headaches, visual, sensory and motor disturbances, projectile vomiting, 
disorientation, coma and respiratory failure. Of interest in the authors’ case was 
the reduction of cells in the spinal fluid after roentgen treatment to the head. 


Beck, Buffalo. 


OBSERVATIONS AND SURGICAL ASPECTS OF THE CAROTID SINUS REFLEX IN MAN. 
3ronNSON S. Ray and J. Stewart, Surgery 11:915, 1942. 


This study is based on 13 cases in each of which there was opportunity to 
observe various aspects of the function of the carotid sinus. In 4 patients a 
hypersensitive sinus was denervated. A fifth patient showed no changes in pulse 
or blood pressure with his syncopal attacks (cerebral type) but was relieved of 
his symptoms after removal of nearby tuberculous lymph nodes. A sixth patient, 
a woman of 61, had an intracranial arteriovenous aneurysm. Pressure on one 
carotid sinus produced syncope after the nerves leading away from the sinus 
had been anesthetized with procaine. Syncope may result from arterial occlusion 
without participation of the carotid sinus mechanism. Two young patients with 
presumably normal sinuses were studied in the course of ligation for intracranial 
vascular anomalies. Five patients with section of the glossopharyngeal nerve 
provided evidence that afferent impulses from the carotid sinus do not always 
pass over this nerve alone. 

The authors recommend routine preoperative examination of the carotid 
sinuses. Ether anesthesia does not always obliterate a hypersensitive sinus reflex, 
and unilateral infiltration of the sinus nerves with procaine is advocated when 


cessary. 
Drayer, Philadelphia 


Diseases of the Spinal Cord 


AN ANALYSIS OF Forty-NINE CASES OF ACUTE ANTERIOR POLIOMYELITIS. 

G. Bruce Lemmon JR., Pennsylvania M. J. 45:1039, 1942. 

The cases reported by Lemmon were observed during the epidemic of 1941. 
All the patients were hospitalized, but it is pointed out that in the presence of 
an epidemic persons with suspected as well as obvious cases of the disease are 
usually sent to a hospital. Hence the group is regarded as being fairly represen- 
tative of the epidemic as a whole. 

The course of the disease differed in two important respects from that usually 
observed in epidemics. 1. Whereas paralysis has been reported to occur in 25 to 
35 per cent of patients as a rule, only 27 per cent of the present series showed 
complete freedom from paralysis. 2. Signs of bulbar involvement were uncom- 
monly frequent, the incidence being 34 per cent as compared with the usual inci- 


dence of between 6 to 26 per cent. DRAYER Philadelphia 


INJURIES OF THE INTRAVERTEBRAL Disk IN MILITARY SeErRvICcE. J. GRAFTON 


Lover, War Med. 2:403, 1942. 


Love has studied 1,500 cases of protrusion of an intravertebral disk. He finds 
the results of operative therapy excellent and the mortality less than 0.25 per 
cent. An intravertebral disk usually protrudes when a person whose back is in 
flexion receives some unusual stress or strain to the back, such as a sudden fall 
while in a sitting position. Such an accident causes a protrusion of one of the 
lumbar disks, most commonly that between the fourth and the fifth lumbar 
vertebra. The symptoms are pain in the lower part of the back, unilateral sciatic 
pain and hyperesthesia over the foot on the involved side. The patient walks 
with a limp; his trunk is bent away from the painful side; there are loss of 
lumbar lordosis and spasticity of the erector spine muscle; the motions of the 
spine are limited; hyperextension is painful, and a positive leg-raising sign is 
present. There is occasionally some loss of sensation over the lateral side of 
the calf or the lateral and dorsal portion of the foot. The achilles reflex is 
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diminished or absent. The total protein of the cerebrospinal fluid is more than 
40 mg. per hundred cubic centimeters in two thirds of the cases. The diagnosis 
is confirmed by contrast radiologic studies, with use either of air or of an 
opaque oil. 

The treatment should be expectant for two or three weeks, followed by 
removal of the disk by laminectomy or resection of the ligamentum flavum. 

Love advises as a prophylactic measure that paratroopers, dive bomber pilots, 
pilots who are catapulted from a ship, pilots who land on a carrier, tank drivers 
and cavalrymen be given a snugly fitting sacroiliac belt or a canvas corset. 


Pearson, Philadelphia. 


Peripheral and Cranial Nerves 


THE Systemic NErRvous AFFINITY OF TRIORTHOCRESYL PHOSPHATE (JAMAICA 

GINGER Patsy). CHARLES D. ARING, Brain 65:34, 1942. 

The clinical picture of triorthocresyl phosphate (jamaica ginger) poisoning js 
well known. Cramps, nausea and vomiting develop immediately after ingestion 
of the poison. Diarrhea may last several days. Neurologic symptoms develop in 
from seven to fourteen days. There are cramping, burning and stinging pain in 
the calves, followed by numbness and tingling. Later there is weakness of the 
peroneal muscles. About one week after the legs are involved, the hands become 
weak. Muscle weakness becomes progressively more severe for about a month, 
when it is usually extensive and pronounced. 

Examination reveals inconstant sensory changes. In some cases mild impair- 
ment of pain, temperature and touch sense is observed. Vibratory sensation is 
also occasionally disturbed. Some patients have tenderness of nerve trunks with 
hyperesthesia. The hands and feet are almost invariably cold, moist and cyanotic. 

The tendon reflexes are normally active except that the patellar and arm 
reflexes are occasionally hyperactive and the ankle jerks are always absent. The 
presence of active knee jerks and the appearance of involuntary flexor spasms of 
the legs in many cases suggest involvement of the pyramidal tract, in addition to 
the obvious disease of the anterior horn cells. 

Pathologic study reveals spotty loss of muscle fibers and replacement by con- 
nective tissue and fat. The small arteries, capillaries and precapillaries of muscle 
are involved in a process which, by thickening of all the coats of the vessels, 
produces an extremely narrow lumen. In some degenerated areas the blood 
vessels are angiomatous, suggesting new vessel formation. Similar vascular changes 
are to be observed in many of the abdominal viscera, as well as in the somatic 
musculature. 

All peripheral nerves and roots show severe degeneration of myelin, and there 
is, in addition, heavy overgrowth of connective tissue. 

In the spinal cord, the leptomeninges are thickened. Degeneration of the white 
matter is invariably observed, and the lateral pyramidal tracts are always involved, 
especially in the lower segments of the cord. There is also rim degeneration, 
similar to that often seen in subacute combined degeneration. 

In the gray matter of the anterior horns, severe reduction in cells is observed, 
and the remaining cells show considerable degeneration. Minor degrees of neuronal 
change only are observed in the brain stem and the cerebrum. 

Aring concludes that the disease is essentially a hyperplastic fibrosis of smaller 
arterioles and capillaries and suggests that the degeneration of the nervous system 


may be secondary to this vascular disturbance. MasLanp, Philadelphia. 


VESTIBULAR FUNCTIONS IN THE GUILLAIN-BARRE SYNDROME. J. HELSMOORTEL 
and G. Myte, Confinia neurol. 4:148, 1942. 
Helsmoortel and Myle describe a mesencephalic or mesencephalospinal form of 
the Guillain-Barré syndrome with manifestations of involvement of the cochlear 
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and vestibular nerves. The predominant symptoms were vertigo and ataxia. 
Caloric, rotating chair and galvanic tests showed evidences of vestibular dissocia- 
tion. The authors believe that central as well as peripheral lesions may exist in 


the Guillain-Barré syndrome. DeJonc, Ann Arbor, Mich. 


Optic Neuritis FoLtow1inc WelL’s DIseEASE. PETER OLAF PENSKy, Deutsche 

Ztschr. f. Nervenh. 152:153 (May) 1941. 

Pensky reports the case of a 32 year old man in whom optic neuritis devel- 
oped two months after the onset of an attack of Weil’s disease. Visual loss was 
first noted about twenty days after recovery from the acute infection. 

The neuritis could be observed only in the right eye because of old tuber- 
culous keratitis in the left. In the right eye visual acuity was slightly reduced, 
and there was 0.75 diopter of swelling of the disk. There were no other neuro- 
logic symptoms or signs. The swelling of the disk gradually subsided, and vision 
returned to normal in the course of the next four months. 

The author comments on the rarity of optic neuritis during the course of or 
following Weil’s disease. The 6 cases previously reported in the literature are 
briefly reviewed. He believes that the spirochete of Weil’s disease has an affinity 
for the nervous system but that in most instances this is manifested by meningeal 


or polyneuritic symptoms. Merritt, Boston. 


Treatment, Neurosurgery 


THe MANAGEMENT OF NEUROSYPHILIS. BERNARD DATTNER and Evan W. 
Tuomas, Am. J. Syph., Gonor. & Ven. Dis. 26:21 (Jan.) 1942. 


Patients with neurosyphilis often present individual problems, and no generali- 
zation will cover the complete management of every case. However, the authors 
review their experiences and those of others in an attempt to evaluate those factors 
which constitute active neurosyphilis. 

Many physicians and clinics still depend on incomplete reports on the spinal 
fluid and clinical signs and symptoms. Some patients are referred to a hospital 
for fever therapy merely because of a positive Wassermann reaction of the spinal 
fluid, while others are referred only after clinical manifestations have become well 
established. There is a general tendency to evaluate results chiefly in terms of 
clinical improvement. This may be inaccurate because such evaluation is fre- 
quently difficult to determine. The criterion is not always a satisfactory guide to 
management in that it suggests little about the permanent effects of treatment. 
The authors emphasize that it is of greater value to determine the activity of 
the pathologic process in the light of the necessary treatment rather than to 
attempt accurate differentiations of neurosyphilis. 

The first task in the management of neurosyphilis is to acertain the activity 
within the central nervous system. One guide is the appearance of new clinical 
symptoms, but the authors point out that (1) signs and symptoms may persist as 
a result of past activity and are not proof of a continuing active process, (2) 
improvement in clinical symptoms may only be transitory and (3) the syphilitic 
infection may be very active within the central nervous system and still be 
asymptomatic. 

The second guide concerning activity of the syphilitic process is examination 
of the spinal fluid. The authors make the following generalizations: 1. A positive 
Wassermann reaction of the spinal fluid alone is not proof of an active syphilitic 
process but merely an indication of the specific nature of the infection. The cell 
count and globulin and total protein values are the best indicators of activity. 
2. Reactions of the spinal fluid may vacillate during the first five years of a 
syphilitic infection. 3. After infection of five years’ duration a negative reaction 
of the spinal fluid will not become positive. 4. It does not follow that a com- 
pletely negative reaction of the spinal fluid always indicates inactivity within the 
central nervous system. Vascular syphilis and tabes dorsalis may be associated 
with such a reaction. The latter process, however, is one which continues to 
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produce symptoms long after the active infection may have disappeared. 5. An 
actively positive reaction of the spinal fluid with an increase in cells and protein 
five years after the initial infection is a danger signal. 6. In treated patients 
the Wassermann and colloidal gold reactions of the spinal fluid may remain 
positive after treatment has successfully checked the process. If the cell count 
and the protein value show improvement, it is unlikely that syphilis will again 
become active in the central nervous system. 7. It is possible to inhibit the signs 
of activity in the spinal fluid without permanently checking the activity in the 
central nervous system. 

The aim of treatment is to achieve optimum results in the shortest period 
without injury to the patient. Experience of investigators all over the world 
indicates that a combination of chemotherapy and induction of fever is the most 
effective treatment of all forms of neurosyphilis. Tertian malaria is believed to 
be the method of choice in induction of fever. After fever therapy the question 
arises as to how and what type of chemotherapy should follow. There is no 
unanimity of opinion on this subject. The controversy of pentavalent versus 
trivalent arsenicals is still in question. 

The authors have evolved their plan of treatment following fever; they give 
daily injections of 0.06 Gm. of mapharsen immediately after the last fever treat- 
ment, with reexamination of the spinal fluid in six months. When weekly treat- 
ments are given, a six month course is advised. The spinal fluid is checked for 
activity in six months. The authors believe their intensive method of treatment 
is safe and that it is not necessary to continue chemotherapy for years. 


Beck, Buffalo. 


COMBINED ARTIFICIAL FEVER, CHEMOTHERAPY, AND \VACCINOTHERAPY IN THE 
TREATMENT OF NEUROSYPHILIS. ALBERIC MARINE, Am. J. Syph., Gonor. & 
Ven. Dis. 26:234 (March) 1942. 

Marine reviews three and one-half years’ experience in the treatment of the 
various types of neurosyphilis with combined artificial fever and chemotherapy, 
with particular reference to the utilization of vaccine as an adjunct in the pro- 
duction of fever. The method of treatment was as follows: At 7 a. m. the patient 
received an injection of an arsenical drug and was immediately given five hours 
of artificial fever at 105 F. On the third and fifth days he was given an injection 
of a fever-producing vaccine and a bismuth compound. This procedure was 
carried on for ten weeks, during which a total of fifty hours of fever at 105 F., 
ten injections of an arsenical drug and twenty injections each of vaccine and of a 
bismuth compound were given. Treatment was then carried on in the outpatient 
department with an arsenical and a bismuth compound. Lumbar puncture was 
performed before and after the series of treatments. 

The combined heat-drug-vaccine therapy was not found to be debilitating, 
since emaciated patients gained weight. Lightning pains diminished or disappeared, 
and tension states decreased. Not a single death occurred among the 265 patients 
treated. 

The author believes that favorable serologic results have occurred in a large 
percentage of patients. A real advantage claimed jor artificial fever over malaria 
therapy is that a second course of fever treatments can easily be given. 


Beck, Buffalo. 


Some New APPLICATIONS OF SYNTHETIC VITAMIN E THERAPY. (GEORGE A. 
BLAKESLEE, J. Nerv. & Ment. Dis. 96:184 (Aug.) 1942. 


Blakeslee reports the results of vitamin E therapy in 3 cases of peripheral 
neuritis with the Guillain-Barré syndrome, 1 case of amyotonia congenita and 
1 case in which the differential diagnosis between amyotrophic lateral sclerosis and 
muscular dystrophy was uncertain. Alpha tocopherol acetate, 30 mg. a day, was 
given to each patient; it was thought that there was definite improvement in 


ill cases 


Cuoporr, Langley Field, Va. 
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RepoRTS OF PARTIAL FRONTAL LoBecTOMY AND FRONTAL LoBotoMy PERFORMED 
oN THREE Patients. W. J. Mrixter, K. J. Trttotson and W. WIEs, 
Psychosom. Med. 3:26 (Jan.) 1941. 

Mixter, Tillotson and Wies report the effects of partial bilateral frontal lobec- 
tomy in a 17 year old youth who had been subject to frequent convulsive seizures 
since childhood, with evidence of mental deterioration. Atrophy and adhesions 
were evident in the portions of the brain removed. Operation resulted in a 
decided reduction in the frequency of the convulsive seizures and apparently in 
some improvement in conduct and behavior. Bilateral lobotomy was performed in 
cases Of agitated depression occurring in men aged 58 and 62. The authors 
verified the observations of Freeman and Watts that immediate relief from anxiety 
and nervous tension followed the operation. Among the psychotic manifestations 
favorably influenced were negativism, perseveration, extreme agitation and man- 
nerisms. Ideas and emotions which prior to operation produced gross psychotic 
behavior did not seem to be highly charged with affect after operation. Loss of 
spontaneity, initiative and interest and some impairment of recent memory with 
relative lack of concern about the future are the noteworthy destructive effects 
of prefrontal lobotomy. Nevertheless, the emotional responses are adequate to 
deal with external situations. The authors conservatively conclude that, in view 
of the definite danger attendant on operation, prefrontal lobotomy should be 
limited to patients who appear to be completely and permanently disabled by their 


psychiatric disorder. SCHLEZINGER, Philadelphia. 


Muscular System 


GOITER WITH ASSOCIATED MYASTHENIA GRAVIS. F. KOWALLIS, SAMUEL 
F, Haines and Joun DeJ. Pemberton, Arch. Int. Med. 69:51 (Jan.) 1942. 
Since 1908 10 cases have been noted in the literature in which exophthalmic 

goiter was associated with myasthenia gravis. The authors report 3 cases of 

exophthalmic goiter and 1 case of adenomatous goiter and hyperthyroidism asso- 
ciated with myasthenia gravis. In 1 case a subtotal thyroidectomy was performed, 
with alleviation of Symptoms of both processes. 

Exophthalmic goiter and myasthenia gravis have certain common characteristics. 
Both occur at any decade of life, and females are more frequently affected than 
males. Muscular weakness is common to both, as are spontaneous exacerbation 
and remission with a tendency to progression. But in myasthenia gravis ptosis 
of the upper lid is usual, while in exophthalmic goiter the lids are usually retracted. 


Enlargement of the thymus is not a differential factor. A clinical response to 
prostigmine is characteristic of myasthenia gravis, while for exophthalmic goiter 
iodine is more or less specific. This is of no diagnostic help if myasthenia gravis 


occurs in association with hyperthyroidism. The basal metabolic rate is unchanged 
in cases of uncomplicated myasthenia gravis. 

Pathologic studies were made in 99 cases of myasthenia gravis, and in 45 of 
the cases prominent anatomic lesions of the thymus body were present. In con- 
trast, in 74 fatal cases of exophthalmic goiter the thymus gland was hypertrophic. 
In a small series of treated patients with exophthalmic goiter who died of causes 
unrelated to the goiter, there was no instance of hypertrophy of the thymus gland. 
For adequately treated exophthalmic goiter the prognosis is good, but for 
myasthenia gravis the outlook is grave. It is especially poor if the diseases 
coexist, but even then remissions are known to occur. 

Surgical treatment of exophthalmic goiter complicated by myasthenia gravis 
is difficult because it is important that the patient be able to cough and swallow 
to dispose of tracheal mucus, which is common after thyroidectomy. In the 
authors’ surgical cases, prostigmine was used; the resulting muscular improvement 


was such that no complications were encountered. Beck, Buffalo. 
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Muscular System 


MuscLe CHANGES IN MyoPATHIES AND DySsTROPHIA MYOTONICA. JULIO ARANo- 
vicH and ALFrrepo C. MENZANI, Rev. neurol. de Buenos Aires 7:147 (April- 
June) 1942. 


Biopsies of muscle in 3 cases of progressive muscular dystrophy and 6 cases 
of dystrophia myotonica were studied by Hortega’s technic. In the cases of pro- 
gressive muscular dystrophy the authors found hypertrophied fibers, collagenous 
proliferation, atrophy of the sarcolemma and slight nuclear increase. They dis- 
tinguish three stages of the atrophic process. In 3 cases of dystrophia myotonica 
they observed no lesion of the muscular fibers, connective tissue or blood vessels 
and only increase of nuclei; in the other 3 cases there were atrophy and sinuosity 
of the muscular fibers, disappearance of the crossed and longitudinal striations, a 
great quantity of peripheral and axial nuclei and proliferation of the connective 


tissue and, in 1 case, of the vascular tunics. Bartey, Chicago, 


Society Transactions 


CHICAGO NEUROLOGICAL SOCIETY 
Roy R. Grinker, M.D., President, in the Chair 


Regular Meeting, May 14, 1942 


Afferent Trigeminal Pathways as Determined by Evoked Potentials. 


Dr. H. W. Macoun and Mr. W. A. McKINLEY. 


With oscillographic recording of potentials evoked by stimulation of peripheral 
nerves, the central course of fast conducting afferent trigeminal fibers has been 
studied in the cat. In their course in the sensory root and the spinal fifth tract, 
fibers of the three divisions of the trigeminal nerve are laminated in a dorsoventral 
order, which is the inverse of their distribution in the face. Primary fibers of 
the mandibular division are detected as far caudally as the obex, and those of 
the maxillary and ophthalmic divisions, as far caudally as the first cervical 
segment. 

The neurons of the nucleus of the spinal fifth tract fired by primary fibers 
are laminated in a dorsoventral order, similar to that of the tract, but with 
greater overlap. No rostrocaudal projection on the secondary neurons could be 
detected, however, for secondary spikes were recorded throughout the extent of 
the nucleus of the spinal fifth tract in the case of each trigeminal division. 

Secondary trigeminal pathways pass diffusely across the reticular formation 
to the ventromedial part of the opposite side of the medulla and ascend in and 
adjacent to the medial lemniscus, in relation to similar fast conducting pathways 
from the limbs. These connections terminate in the ventral thalamic nucleus: 
the limb pathways in its posterolateral, or external, division and the trigeminal 
pathways in its posteromedial, or arcuate, division. 

The discharge of these pathways fires cells of the ventral thalamic nucleus, 
the axons of which pass forward in the internal capsule toward the cortex. 
Apparently, by some relay system the centrum medianum is also fired, but con- 
siderably later. No evoked potentials were detected in other thalamic nuclei. 


DISCUSSION 


Dr. A. Eart WALKER: Through such a contribution to neuroanatomy as 
has been heard tonight the neural pathways within the brain stem are beginning 
to be understood. Not many years ago the secondary trigeminal pathways were 
considered to lie near the posterior longitudinal bundle, as postulated by Wallen- 
berg and van Gehuchten. The true position of these tracts has been demon- 
strated only recently. Marchi studies of the secondary pain pathways suggest that 
there is a second topical arrangement of the fibers in the mesencephalon. Dr. 
Magoun has mentioned the mediolateral arrangement of fibers, those from the 
face being medial and those from the lower extremity lying on the periphery. 
A certain dorsoventral lamination is also present, so that the fibers from the 
lower extremity lie dorsal to those from the upper extremity, both of which are 
dorsal to those from the face. 

The topical arrangement of the fibers terminating in the thalamus as deter- 
mined by Dr. Magoun’s experiments is in full accord with the results of previous 
studies and requires no further comment. 


Dr. Percival Baitey: I did not understand how Dr. Magoun tested the 
“onion skin” hypothesis, and I wish he would go into the details. As I under- 
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stand it, the peripheral layer of “onion skin” is supposed to descend farther jn 
the bulb than the central layer. 

Dr. H. W. Macoun: Mr. McKinley and I have not explored the possibility 
of afferent connections to the corpus striatum. On a few occasions face and 
limb potentials have been recorded from the subthalamus and the zona incerta ; 
these may indicate the presence of an extrathalamic collateral from the lemniscal 
pathway. 

With reference to the similarity of potentials from the main sensory and the 
spinal fifth nucleus and the caudal extent of connections in the spinal fifth tract, 
it may be emphasized that potentials were recorded only from fast-conducting 
and presumably large trigeminal fibers, which Harrison and Corbin (Anat. Ree. 
82:26, 1942) have shown to be concerned with tactile sensibility. It would 
appear that touch is mediated not only by main sensory but to a considerable 
extent by spinal fifth nerve connections. 

The “onion peel” theory was examined by comparing the results of stimulat- 
ing the anterior mental and auriculotemporal nerves. Since the areas innervated 
by these nerves are located at the center and periphery of the “onion,” a signifi- 
cant difference in the distribution of their central connections might be expected, 
They were found, however, to be identical. 


Myasthenia Gravis: Treatment and Relation to the Thymus. Dkr. L. M. 

Eaton, Rochester, Minn. 

The prostigmine test advocated by Viets and Schwab has been found a most 
important aid in the diagnosis of myasthenia gravis. This test, however, may 
not be conclusive, particularly in cases of the milder form. In such cases the 
quinine test, introduced by Harvey and Whitehill, is of value. Quinine greatly 
intensifies the symptoms of myasthenia gravis. Objective evidence of myasthenia 
gravis can be obtained in cases of the milder type by administering quinine and 
prostigmine to the patient without the patient’s knowing the name of the drug 
and observing the weakening effects of quinine and the strengthening effects of 
prostigmine. 

Prostigmine bromide, administered orally, is the basic treatment for the aver- 
age patient. Doses of 15 to 30 mg. are repeated as often as necessary to main- 
tain a satisfactory degree of strength. Trial periods during which guanidine 
hydrochloride, ephedrine or potassium chloride is combined with prostigmine are 
necessary to determine the most beneficial regimen. If these adjuvants allow a 
significant reduction in the amount of prostigmine required or sufficiently increase 
the patient's feeling of well-being, their use are continued. Quinine, thyroid and 
procaine hydrochloride should be used cautiously in cases of myasthenia . gravis, 
since these agents may intensify the symptoms. 

The relation of myasthenia gravis to the endocrine system, particularly the 
thymus gland, has been under consideration. The presence of thymic abnormali- 
ties in approximately half the cases in which death was caused by myasthenia 
gravis and the experiences with surgical removal and roentgen irradiation of 
the thymus furnish unequivocal evidence of the relation between myasthenia gravis 
and the thymus gland. The value of extirpation and irradiation of the thymus 
gland in the treatment of myasthenia gravis is not established, but the results 
are encouraging and warrant further study. The effect of pregnancy on the 
course of the disease is striking but not uniform. The frequency with which 
exophthalmic goiter and myasthenia gravis are associated furnishes additional 
evidence of the relationship of myasthenia gravis to endocrine disturbances. 

Roentgenograms of the thorax, including lateral views to rule out enlarge- 
ment of the thymus, should be made in all cases of myasthenia gravis. If an 
enlarged thymus is detected, roentgen irradiation, surgical removal or both meth- 
ods of treatment are indicated. In the 2 cases of myasthenia gravis in which 
thymic tumors were removed at the Mayo Clinic, remissions of the myasthenia 
began within two months after irradiation of the region of the thymus. The 
observation lends weight to the clinical impression that the mediastinal tumor 
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was a factor in the production of the patient’s symptoms. In the present state 
of knowledge, roentgen irradiation of the thymus is worth trying, even though 
roentgenographic evidence does not indicate thymic enlargement. Every patient 
who has myasthenia gravis should be studied for evidence of exophthalmic goiter 
and vice versa. 

DISCUSSION 

Dr. Victor E. Gonva: I should like to ask the author two questions: 
First, did he observe in these cases the cessation of the knee jerk or any other 
reflex after repeated elicitation? Second, did he obtain the so-called myasthenic 
reaction ot Jolly? 

I should mention the only miracle that I have observed in connection with 
myasthenia gravis. In 1925 Dr. Bassoe and I made a diagnosis of myasthenia 
gravis in a woman, who subsequently underwent a series of treatments with 
tryparsamide and recovered. She has been a hard-working woman ever since, 
without the slightest manifestation of myasthenia. 

Dr. Roy R. GrRINKER: One of my most embarrassing moments concerns a 
patient with myasthenia gravis in whom the first symptoms developed during 
the early months of pregnancy. I urged strongly that the pregnancy be ter- 
minated, but she insisted on going through with it; she subsequently improved 
and was better than ever before. Since delivery she has had relapses, which 
have been successfully treated with ephedrine and prostigmine. 

I should like to ask about mediastinal tumors other than those of the thymus, 
and inquire how Dr. Eaton fits them into the theory of the origin of myasthenia 
gravis; we have seen such tumors. Another phenomenon for which I have seen 
no explanation is the frequent accumulations of round cells in the muscles. 
These lymphorrhagias have also been reported in certain cases of hyperthyroidism. 
What does Dr. Eaton think is the significance of these infiltrations in cases of 
myasthenia gravis? 

Dr. A. J. ArterF: There have been many cases in which the use of prostig- 
mine was effective, but the after-effect left the patient in a more myasthenic 
condition than prior to the use of the drug. I have 1 such case. The patient 
does well only on combinations of physostigmine, ephedrine and _ prostigmine. 
I have had her under treatment with each of the drugs alone and with all three 
of them together, and it is only by the latter method that she gets along. The 
results were controlled by dynamometric studies. 

Dr. R. P. Mackay: May I ask Dr. Eaton what is the longest remission he 
has observed in a case of myasthenia gravis? A young man came to me four or 
five years ago with the disease, and he was relieved by prostigmine. After a 
few weeks he was able to discontinue the drug and has been well since. He 
married against my advice in the interim. Incidentally, he was not given 
tryparsamide. 

Dr. Lee M. Eaton: Dr. Gonda asked whether loss of the knee jerk has 
been noted after repeated testing. I have not observed this, and I have made such 
tests frequently. Neither have I observed fatiguing of the pupillary light reflex to 
repeated flashes of light. The pupils of the patient presented in the motion 
picture reacted sluggishly at the height of the disease, but with normal rapidity 
after remission of the myasthenic symptoms. 

Remissions of varying duration occur spontaneously in myasthenia gravis. I 
recently saw a young man profoundly weakened who had acute attacks on an 
average of once a year. They were always of short duration, lasting only two 
or three weeks; between attacks he was entirely well. His response to prostig- 
mine was such as to leave no doubt as to the correctness of the diagnosis. 
Spontaneous remissions of a year or more are common, and remissions of nine 
years’ duration have been reported. Since such spontaneous remissions do occur, 
it is unwise to draw conclusions from 1 or 2 cases in which remissions seem to 
follow a specific therapeutic procedure. The results of the removal of thymic 
tumor in cases of this disease must not be judged until many more cases have 
been studied. 
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Dr. Grinker has asked concerning the association of myasthenia gravis with 
mediastinal tumors other than those originating in the thymus. Thymic tumors 
vary so much in location and roentgenographic appearance that I do not believe 
it can be stated after clinical examination alone that any intrathoracic tumor 
associated with myasthenia gravis is not of thymic origin. In necropsies at the 
Mayo Clinic the only intrathoracic growth encountered has been tumor of the 
thymus. I have had 2 cases of great interest. In 1 case the diagnosis of malig- 
nant growth of the pleura and pericardium was made. Pleural and pericardial 
effusion had occurred on two occasions. The condition responded to roentgen 
irradiation, and the myasthenic symptoms disappeared. In retrospect, I believe 
the tumor must have originated from the thymus. In another case a widened 
mediastinal shadow was found on roentgenologic examination. This shrank rap- 
idly after irradiation. The tumor was thought to have been a lymphoma. This 
patient subsequently died in a veterans’ hospital, and I am awaiting a report of 
the postmortem study. 

I do not know of any adequate explanation for the lymphorrhagias observed 
in the muscles in cases of myasthenia gravis. Weigert, mistakenly, looked on 
them as metastatic lesions from a sarcoma of the thymus. Others have stated 
that they represented an infectious process. They may be seen in muscles not 
involved clinically and are sometimes not found in muscles which are weakened. 

Patients sometimes complain that they feel weaker after the effects of prostig- 
mine have worn off than they would if none had been taken. I do not know the 
explanation of this. In such cases, ephedrine and guanidine hydrochloride may 
lessen the “let-down” which follows cessation of the effect of the prostigmine. 

An extract of the thymic tumors removed surgically has not been injected 
into the patients at the clinic. In the first case two extracts were prepared, one 
in water and one in alcohol. The results of injection of these extracts into rats 
were inconclusive. The cystic fluid removed in the second case has been frozen, 
and it will be tested later. 


MICHIGAN SOCIETY OF NEUROLOGY AND PSYCHIATRY 
Joun M. Dorsey, M.D., President, in the Chau 
Regular Meeting, Sept. a 1942 


Clinical Evaluation of the Mosaic Test. Dr. Bernarp L. Diamonp and 
Dr. HerBert T. SCHMALE, Ann Arbor, Mich. 


A modification of Lowenfeld’s mosaic test was given to over 200 selected 
patients. Color photographs were taken of the designs executed, and these have 
been kept to form a permanent file for interpretation and comparison. It is 
believed that the mosaic performance should be regarded as an integrated whole 
and evaluated as an entity. The test is graded on the basis of achievement of 
a satisfactory and well organized Gestalt. There are indications that the abnor- 
malities in the mosaic pattern appear early and are little affected by significant 
changes in attitude, affectual states and social adjustment. Important differences 
were noted between the color responses of schizophrenic subjects and those of 
patients with organic and affective disorders. Specific diagnostic interpretation, 
particularly with reference to schizophrenia, was possible with a reasonable degree 
of statistical validity. Although its interpretation requires experience, the 
simplicity and ease of administration of the mosaic test should give it a definite 
place in the examination of the neuropsychiatric patient. 


Psychiatry and Morals. Dr. RicHArp L. JENKINS, Ann Arbor, Mich. 


This article will be published in Mental Hygiene. 
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PHILADELPHIA NEUROLOGICAL SOCIETY 

H. Lewey, M.D., Presiding 

Regular Meeting, May 22, 1942 


Tumor of the Cauda Equina with Unusual Onset and Symptoms: Report 
of a Case. Dr. Francis C. Grant and Dr. Everetr O. JEFFREYS. 

G. L., a bulldozer operator aged 41, who had previously been well, was return- 
ing home on the night of Dec. 26, 1941, when he suddenly sneezed violently. He 
immediately experienced severe pain in the lower part of the back and a sensation 
of “pins and needles shooting up and down his spine.” The pain soon came to 
radiate into both lower extremities. The severity and persistence of the pain 
prompted him to consult a physician, who applied adhesive strapping and told the 
patient that it was a sprain. 

He was unable to sleep because of the ever increasing pain. The following morn- 
ing he attempted to arise, but the lower extremities collapsed beneath him and were 
so weak that he was unable to walk. There was also pronounced hesitancy in 
urination. Within thirty-six hours after the onset he was unable to void even with 
effort. No sensory phenomena other than pain, no paresthesias and no inability to 
differentiate touch, temperature or pain sensation was experienced. The patient 
entered the Graduate Hospital on December 31, four days after the onset, com- 
pletely paralyzed in both legs and writhing in pain. 

The signs of involvement at that time were: (1) complete flaccid paralysis of 
both lower extremities; (2) greatly diminished reflexes of both lower extremities, 
including the balanoanal and cremaster reflexes; (3) painful distention of the 
bladder up to the umbilicus; (4) appreciation throughout of all modalities of sen- 
sation and no saddle hypesthesia; (5) positive Naffziger sign; (6) bilateral Laségue 
sign; (7) hypertonic rectal sphincter; (8) absence of fever and leukocytosis; (9) 
negative Wassermann reaction; (10) absence of roentgenographic evidence of 
involvement of the lumbodorsal and sacral portions of the spine; (11) an initial 
pressure of 400 mm. (water pressure) and dark, xanthochromic, old sanguineous 
fluid obtained on lumbar puncture, the puncture precipitating such exacerbation of 
pain in the genital region that a Queckenstedt test could not be performed, and (12) 
complete subarachnoid block revealed by injection of 3 cc. of iodized poppyseed oil, 
with the lower level at the lower border of the second lumbar vertebra. 

Removal of the first, second and third lumbar laminas gave adequate exposure 
of the lesion. A large tumor of the cauda equina was observed encircling the 
conus medullaris with hemorrhage below the tumor into the caudal sac. Large 
venous varices entered both poles of the tumor, and the filum terminale was incor- 
porated in the tumor and had to be sacrificed in the complete removal of the growth. 
The roots of the cauda equina were entwined in the blood and fibrinous mesh. 
The tumor was removed in its entirety. The postoperative course was uneventful, 
and recovery was rapid. Bladder function was normal by the ninth postoperative 
day. The patient was able to walk unaided on the twenty-sixth postoperative day 
and is now back at his former occupation, without any appreciable residual signs. 

Dr. Lewey reported that the tumor was very vascular and definitely malignant, 
but that it could not be classified with absolute certainty. However, it resembled 
a hemangioblastoma. 

DISCUSSION 

Dr. Francis C. Grant: I was much interested in this man when he was 
admitted because of the abrupt onset of his symptoms with pain. I suspected that 
he might have an epidural abscess. Dr. Jeffreys was alert enough to realize that 
possibility and made a lumbar puncture. This test eliminated the possibility of 
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an abscess. We both concluded that the patient had a lesion of the cauda equina, 
He was operated on, with the results stated. 

I am not entirely surprised that one should have bizarre neurologic signs with 
a tumor of the cauda equina. Since the roots can slip from side to side under a 
tumor, the development of symptoms may be unexpected. It is impossible to be 
dogmatic about the symptoms or the sequence of their appearance with tumors 
in this area. There is not necessarily any loss of sphincter control. The clinical 
picture that appears in cases of tumor of the cauda equina depends on the acute- 
ness of the onset and the degree to which the roots are compressed. 

I had the privilege the other day of operating on a patient of Dr. Winkleman’s 
who without question had had a tumor of the cauda equina for twenty-one years, 
For ten years roentgenographic evidence was positive for a lesion in that area: 
yet the man was able to go about and symptoms in his lower legs developed only 
gradually. I found an ependymoma of the cauda equina. 

Dr. A. Gorpon: It is interesting to hear Dr. Grant say that one cannot always 
rely on the classic symptoms for diagnostic purposes. Time and again my asso- 
ciates and I have encountered cases of tumor of the spinal cord, not exactly of 
the cauda equina, in which the acute symptom—that of pain—should have been 
expected and there was no pain whatever during the entire course of the disease. 
We have seen cases of other pathologic conditions producing pressure, such as 
deformity of the spinal canal or osseous lesions pressing directly on the cord, in 
which pain should have been expected but did not occur. The reason is simply 
that we are not absolutely accurate and perfect in our diagnostic work. 

May I ask Dr. Grant whether there were any objective sensory disturbances, 
such as analgesia? Was there any involvement of the sphincters? As I under- 
stand, the tumor was in the upper part of the cauda equina. A tumor in that 
position produces direct pressure on the conus. If there was no sphincter trouble 
or objective sensory disturbance the case was really unusual. 

There are supposedly no irregular cases, as Dr. Grant said, but it must be 
admitted that for surgical or medical diagnosis, one must follow the whole course 
of the disease and examine the status of the sensory symptoms from day to day. 
Only in that way can one make the correct diagnosis in so-called unusual cases. 

Dr. Everett ©. JeFFreEys: This tumor was a high-placed lesion of the cauda 
equina encircling the conus medullaris. It involved the filum terminale, the 
sheath of the latter seeming to form the capsule, or envelope, of the tumor. Over 
the capsule was the venous rete, or varices, extending well up over the conus and 
the lower portion of the spinal cord. 

[ am not sure whether I made adequate mention of the sphincters in this 
case. The patient had no loss of sphincter control, but had hypertonicity of the 
rectal sphincter and presumably of the urethral sphincter, in that he was unable 
to void and the bladder was distended to the level of the umbilicus without any 
overflow. These symptoms had subsided by the ninth postoperative day. 

Dr. A. Gorpon: What was the sensory state of the perineum? 

Dr. Everett O. Jerrreys: This man had no sensory changes referable to the 
lower extremities or to the perineum. There was no dissociation anesthesia, which 
is so frequently emphasized with lesions of the cauda equina. Most of the leading 
neurology textbooks, such as those of Purves-Stewart, Bing and Haymaker and 
Brain, stress the constancy of the perineal dissociation anesthesia with tumors of 
the cauda equina. 

There was not even hyperalgesia, as one might expect with hemorrhage around 
the roots of the cauda. The absence of sensory phenomena in the saddle area and 
in the extremities and the sudden and peculiar mode of onset of symptoms with a 
lesion of this size impress me as unusual. I believe that it is a well accepted 
fact that in cases of lesions involving both the cauda equina and the conus medul- 
laris, the symptoms referable to the cauda equina mask those of the conus. 


SOCIETY TRANSACTIONS 481 


Electrophoretic Study of Concentrated Cerebrospinal Fluid. Dr. Evin 
A, Kasat, Dr. DAN H. Moore and Dr. HArotp LAnpow, New York. 


Specimens of cerebrospinal fluid of normal and of elevated total protein con- 
tent obtained from patients with neurologic disorders were concentrated to small 
volume by dialysis in the cold under pressure and studied in the Tiselius micro- 
electrophoresis apparatus, a cell of about 2 cc. capacity being used. 

The electrophoretic patterns were similar to those of the plasma proteins. In 
cases in which the total protein content of the spinal fluid was elevated, all of 
the plasma proteins were present; in those in which the protein levels were 
normal, alpha globulin and fibrinogen were frequently not detected. When the 
total protein of the fluid was increased, the greater part of this increase was 
generally due to albumin. Alterations in the pattern of the serum proteins were 
reflected in the cerebrospinal fluid. Patients with lymphogranuloma venereum, 
who showed a high level of gamma globulin in the serum, had a high gamma 
component in the spinal fluid. The albumin: globulin ratio, however, was not so 
low in the spinal fluid as in the blood of these patients. 

A spinal fluid with an abnormal colloidal gold curve showed a high gamma 
globulin level, and separation studies indicated that all of the colloidal gold activ- 
ity is contained in the gamma fraction. The data suggest that spinal fluid protein 
is derived mainly from the blood but that some synthesis of globulin may take 
place within the nervous system. 

DISCUSSION 

Dr. L. B. Cuampsers, Union City, Ind.: This study of electrophoresis had 
its beginning as far back as 1803 or 1804, in the work of a physicist named Reuss. 
It is encouraging to know that after one hundred and forty years a_ technic 
. devised by a physicist has finally come to have its bearings on medicine and 
biology, fields which at that time were completely foreign to physicists. 

Just how far the method can be used in diagnosis and in interpretation of 
pathologic states of course remains a question. About two years ago Longsworth 
and McInnes, of the Rockefeller Institute, in discussing electrophoresis of serum 
and plasma, predicted that in a short time the electrophoretic method would be 
in as common use in hospital laboratories as is the blood count at present. Their 
studies indicated that electrophoretic analysis of the albumin-globulin distribution 
in serum was of particular diagnostic value. 

All of course assumed that the sensitivity of the electrophoresis apparatus itself 
would have to be increased over and above what had been developed by Tiselius 
and his collaborators in Sweden and by McInnes in New York before the proteins 
of the spinal fluid could be adequately separated and identified. However, Dr. 
Kabat is to be congratulated on having introduced a method of negative dialysis 
which makes possible concentration of the proteins to such an extent that their 
detection and separation can be accomplished. 

The next step, if electrophoresis of the spinal fluid is to be used routinely fo1 
diagnosis, probably will lie in improving the speed with which the procedure can 
-be carried out. It takes several days to make a single analysis of this type. In 
many cases the test would still be worth while, but it would be advantageous to 
speed the process. 

Dr. E. A. SPIEce! I should like to ask Dr. Kabat for more detail about 
the interpretation of his observations on permeability of the capillaries to various 
proteins. If the meshwork of the capillary wall does not allow some larg: 
molecules or particles to go through’ and if, then, the diameter of that meshwork 
is increased, one would expect that some of the large particles would be able 
to pass through. The question depends, of course, on quantitative relationships, 
and I should appreciate it if Dr. Kabat would give some of the observations on 
which he bases his conclusions regarding the double origin of the proteins in the 
spinal fluid. 

Dr. G. D. Gammon: I should like to ask what is found in cases of vasculai 
occlusion in the nervous system, cases in which plugging of blood vessels with 
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destruction of brain tissue has occurred, and whether any changes that appear in 
the course of virus diseases, such as poliomyelitis and encephalitis, are charac- 
teristic of these infections. 

Dr. F. H. Lewey: I am sorry not to have invited Carl Lange to this meeting 
to enjoy the verification of his original theory, namely, that the substance 
responsible for the initial colloidal gold reaction is a globulin, that its appearance 
precedes increased permeability of the membranes and that, on the other hand, 
albumin prevails over globulin once the meninges become permeable. 

May I ask Dr. Kabat what minimal amount of spinal fluid is requisite for the 
cataphoresis and what globulin-albumin mixtures correspond with the usual curves 
in the colloidal gold reaction? 

Dr. Ervin A. Kapat: In reply to the first question, in serum there is usually 
about 70 per cent albumin and 10 per cent gamma globulin, and no alteration in 
permeability could explain a spinal fluid with 50 per cent albumin and 50 per cent 
gamma globulin. Any change in permeability would let proportionately more 
albumin through, since albumin has a smaller molecule than globulin. While 
with an increase in permeability more globulin will pass through than with the 
original permeability, much more albumin will pass through, relatively speaking. 

In answer to the second question, we did not have any cases of poliomyelitis 
and only 1 or 2 cases of encephalitis. In 1 case of encephalitis in which we had 
a very low protein level of 16 mg. per hundred cubic centimeters we could not find 
any particular change, but at these low protein concentrations the method is less 
precise. In 1 case of “meningitis of unknown etiology,” with a protein content 
of 760 mg., all of the components were increased and the albumin level rose to 
500 + mg. out of the 760 mg.; so there was a tremendous increase in total albumin 
in relation to the other components. 

It would be of considerable interest to study some of the infectious diseases 
of the nervous system from the standpoint of the protein ratio of the spinal fluid. 
However, I think encephalograms are seldom, if ever, performed in cases of such 
disorders. 

The other question was in regard to vascular disturbances. Whenever there 
is any suspected vascular disease, I am told that one is reluctant to remove any of 
the spinal fluid. 

In answer to Dr. Lewey’s question concerning the minimum amount of spinal 
fluid necessary: One needs 2 cc. of the concentrated fluid for the microelectro- 
phoresis cell. One must also have a minimum concentration of 5 mg. of protein 
per cubic centimeter. About 10 to 12 mg. of spinal fluid protein is needed for 
analysis. Now, if the protein level of the spinal fluid is elevated, say, to 
10 mg., one conceivably could get along with 10 to 12 cc. of spinal fluid. But 
if the spinal fluid protein is only 20 mg. per hundred cubic centimeters, one would 
have to have 50 to 60 cc. of fluid to make an adequate analysis. At this limit 
of 10 to 12 mg. the error is proportionately greater than it is with more con- 
centrated solutions. 

My associates and I like to have about 60 cc. of fluid containing 40 to 50 mg. 
of protein per hundred cubic centimeters to work with. It is possible to get 
down to the lower range, and we have done it, but we do not feel that we can 
get as reliable information. 

We usually can get only 60 cc. of spinal fluid in a case in which an encephalo- 
cram is made. In cases of disorders of the nervous system, with an elevated 
protein content of the spinal fluid, one can get sufficient fluid readily by lumbar 
puncture. The difficulty has been to get what we consider an adequate normal 
control, and for that we try to get 60 cc. of spinal fluid. I think we did that in 
a few cases. 

With regard to the colloidal gold curve, the gamma globulin itself has all of 
the colloidal gold activity, and with the pure gamma globulin one would always 
get a curve characteristic of dementia paralytica. 

We have frequently had cases in which the original spinal fluid had a colloidal 
cold curve of 111122111. That represents a beginning midzone and is usually 
‘onsidered normal. In most cases, if the gamma globulin was separated out, we 
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got a curve of the dementia paralytica type; again, the problem of having little 
protein to work with presented a difficulty. As I mentioned, we took a serum with 
a positive colloidal gold curve, for example, 4433221110; the curve for the 
separated gamma globulins, then, was something like 5555443211. If we took a 
sufficiently small amount of the gamma globulin from the serum, say one tenth of 
the amount present in the serum, and added the original amount of albumin, we 
could get a colloidal gold curve that was perfectly normal—all zeros. On the 
other hand, if we added an intermediate amount of albumin, not enough to inhibit 
completely, we could get back a midzone curve, 1122321110. 

I believe, therefore, that the colloidal gold reaction—whether one obtains a 
curve of the dementia paralytica or the midzone type—is determined chiefly by 
the ratio of albumin to globulin in the spinal fluid. 


Spontaneous Subarachnoid Hemorrhage: An Analysis of Fifty Cases. 
Dr. B. A. Hirscurietp, Trenton, N. J., Dr. A. S. Tornay and Dr. J. C. 
YASKIN. 


Spontaneous subarachnoid hemorrhage should be recognized as a clinical entity 
for prognostic and therapeutic purposes. The hemorrhage is due to rupture of 
an aneurysm or an otherwise diseased blood vessel of the circle of Willis or of 
its extracerebral branches. Many of the aneurysms are congenital, which accounts 
for the hemorrhage in young persons; a few are mycotic, and many others are 
atherosclerotic in origin, the last type being frequently associated with hypertensive 
vascular disease. In our series of 50 cases occurring within the last three years, 
the group with hypertension constituted a considerable portion (66 per cent). 

The clinical course is fairly constant and is characterized by sudden onset 
with severe headache, nausea, vomiting and clouding of consciousness, followed 
within a few hours by evidences of meningeal irritation, which is not always pro- 
nounced, and by focal cerebral signs, which are inconstant and changeable. The 
condition is differentiated from other causes of meningeal irritation by the 
presence of blood in the spinal fluid and the absence of evidences of trauma, 
infective meningitis and intracerebral disease processes. 

The immediate prognosis, on the whole, is much better than for the various 
forms of intracerebral hemorrhage. However, recurrences are not uncommon 

In the treatment, lumbar puncture is often useful in relief of rapidly increasing 
intracranial pressure and its symptoms, such as headache. The indications and 
contraindications of spinal puncture as a therapeutic measure in cases of this 
condition are discussed. 

DISCUSSION 


Dr. Puiie Q. Rocue: When one is determining the relationship of th 
hazard of bleeding to high blood pressure, at what point is hypertension said to 
exist? An arbitrary measure of pressure having once been set, does such a 
standard operate exclusive of other factors in producing bleeding? 

Dr. A. Gorvon: I have seen a number of spontaneous subarachnoid hemor- 
rhages. The most interesting symptom to remain fixed in my memory—so much 
so that in every case which came under my observation I have looked for it and 
found it—is somnolence. I recall distinctly the case of a physician who was 
referred to me by the late Dr. J. DaCosta, with the following history: The physi- 
cian would sit in his office, see his patients and fall asleep; he would be awakened 
and fall asleep again. The only cbjective symptom, in addition to the somnolence, 
was a unilateral extensor plantar reflex. That led me to the localization of the 
hemorrhage on one side of the brain. The patient was kept in bed for a while, 
and the blood was removed. While he was convalescing, deep somnolence again 
developed. A second operation was performed. 

Dr. R. A. Matruews: I should like to ask the authors what role they 
believe trauma plays in the production of this type of hemorrhage. This question 
is important from the medicolegal standpoint. 

Dr. F. H. Lewey: It is gratifying to the pathologist that the authors stress 
the relationship between high blood pressure and subarachnoid hemorrhage rathe 
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than speak in a loose fashion of congenital aneurysm. There is no doubt about 
the frequency of arteriosclerotic aneurysm, whereas the question of congenital 
aneurysm deserves serious reconsideration. Aneurysm of the type under dis- 
cussion has not been observed anywhere in the body but intacranially. Hence, it 
may be safer for the time being to look for arterial disease in cases of such an 
aneurysm than to rely on an assumption with so little foundation. 

Dr. J. C. YASKIN: With regard to the question raised by Dr. Gordon, somno- 
lence is not the outstanding symptom in my experience with perhaps 150 or 200 
cases of subarachnoid hemorrhage. The outstanding symptom is drowsiness in 
the presence of persistent severe headache. The patient, if conscious enough, will 
say, that a headache suddenly developed, as if somebody had struck him with a 
hammer on the back of the head. From then there may be moaning and som- 
nolence, which are not by any means constant. I should not like to make somno- 
lence a criterion of subarachnoid hemorrhage, for the pain and the meningeal 
signs are the outstanding features. 

In reply to Dr. Matthews’ question regarding the relation between trauma and 
subarachnoid hemorrhage, I am convinced that I have seen cases in which “spon- 
taneous” subarachnoid hemorrhage was initiated by lifting of heavy objects. 
Trauma per se will never cause spontaneous subarachnoid hemorrhage. There 
must be the factor of preexisting vascular disease. The trauma constitutes an 
exciting or aggravating factor and must be severe to constitute such a factor. 
Often the cause is just as much a legal as a neurologic problem. 


Bilateral Thrombosis of the Posterior Calcarine Arteries with Sparing of 

Macular Vision. Dr. P. Ross McDona np. 

\ case of bilateral hemianopia caused by bilateral thrombosis of the calcarine 
arteries is presented. The patient had as his only complaint complete loss of 
peripheral vision. With correction vision was 6/6 in both eyes, and he read Jaeger 
test type 1 without difficulty. The results of neurologic and medical examinations 
were essentially normal. The patient had first, second and third grade fusion as 
tested on the synoptophore, and optokinetic nystagmus was readily elicited in all 
directions. 

The cortical representation of vision and the vascular supply to the area 
striata are discussed. 


It is concluded that peripheral vision is not essential for stereopsis or spatial 
orientation and that optic nystagmus may be elicited even if the field is reduced 
214, degrees on either side of fixation. Apparently the performance of 
the complex visual functions are dependent on macular fixation and certain other 
issociated pathways which are not closely associated with the cortical areas 
supplying peripheral vision 


to ut 


DISCUSSION 


Dr. J. C. Yasktn: The following facts in this study are of importance to the 
everyday work in clinical neurology. First, in all likelihood the macular regions 
in the occipital pole are frequently supplied by branches of the middle cerebral 
rather than branches of the posterior cerebral artery. This is important because 
it at once fixes in mind the reason that with lesions in the temporal lobe there 1s 
complete hemianopia, whereas with lesions of the occipital lobe there is frequently 
sparing of the macula. 

Second, the development of sudden blindness unaccompanied by any disturbances 

the pupil or fundus occurring in an otherwise apparently healthy person need 
not mean that the condition is hysterical. I have seen cases in which a malignant 
growth with metastases in the occipital lobe was diagnosed as hysteria by com- 
petent ophthalmologists. 

Recently my associates and I had a patient in our service who was totally 
blind for two and a half weeks but who regained his sight and then exhibited 
homonymous hemianopia. It appears that in some cases lesions in the region of 
the posterior cerebral artery or of the basilar artery may give rise first to 
omplete blindness and later to hemianopic cuts. 
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Cortical Premotor and “Postmotor” Foci Which Influence the Gastro- 
intestinal Tract and Their Efferent Pathways. Dr. E. A. SpIecet, 
Dr. M. J. OPPENHEIMER and Dr. K. R. Weston, Allentown, Pa. 


In the dog the gastrointestinal tract may be influenced not only from the 
premotor area of the brain (Brodmann’s area 6), as demonstrated by Fulton and 
his school, but from a second focus in a “postmotor” region (areas 5 or 3). Reac- 
tions of the gastrointestinal tract may be obtained in some animals only from one 
of these areas (either the premotor or the postmotor); in other animals this 
system can be influenced from both foci. Simultaneous records from the stomach, 
the small intestine and the colon showed that the whole gastrointestinal tract may 
receive impulses from the premotor as well as from the postmotor area. The 
effect may be synergic in all parts of the gastrointestinal system, or increase of 
activity in one part (e. g., the small intestine) may be associated with inhibition 
in other parts (e. g., the stomach and colon) of the gastrointestinal system. Some- 
times, however, the effect is restricted to a limited part of this system. The 
variability of the effects obtained by stimulation of a cértain focus seems at least 
partly due to peripheral factors, such as the degree of distention of the smooth 
muscle. 

In a second series of experiments, circumscribed chronic lesions were placed in 
the postmotor area, and the descending pathways were studied by the Marchi 
method. After such lesions were placed, particularly in area 5-b, degenerating 
fibers could be traced through the internal capsule and then into the cerebral 
peduncle and were also well demonstrable in the pyramidal tract in the rostral 
part of the pons. The pyramidal tract in the medulla oblongata, as well as the 
lateral column of the cord, contained distinctly fewer degenerating fibers. This 
suggests that a part of the degenerating fibers observed in the cerebral peduncle 
conduct impulses to rhombencephalic nuclei. This interpretation is: supported by 
the fact that some degenerating fibers coursing in a ventrodorsal direction could be 
seen in the cranial part of the pons dorsomedial to the pyramidal tract. The 
further course of these fibers could not be traced, probably because they lost their 
myelin sheaths after entering the tegmentum pontis. In his monograph on the 
centers of the autonomic nervous system, one of us (Spiegel) called attention to 
the close topographic relationship existing between cortical areas from which 
various internal organs can be influenced and the foci from which the adjacent 
skeletal muscles can be excited. This topographic relationship led him to the 
assumption that corticofugal impulses to autonomic structures may be conducted 
at least partly by fibers joining the pyramidal system, and partly by extrapyramidal 
tracts. In the present study, degenerating fibers originating in cytoarchitectonic 
areas from which the gastrointestinal system may be influenced were traced into 
the pyramidal tract. Thus, the anatomic basis has been furnished for a pyramidal 
conduction of corticofugal impulses from such cortical foci influencing a viscus 
which lie definitely outside the motor area proper. Further studies will have to 
ascertain to what extent corticofugal impulses to the gastrointestinal tract use 
extrapyramidal tracts and to what extent they use the pyramidal fibers demon- 
strated in this study. 

DISCUSSION 


Dr. M. T. Moore: May I ask Dr. Spiegel whether any of these animals 
were operated on without general anesthesia, and, if so, was there any expression 
of pain at the time gastrointestinal activity was evoked by cortical stimulation? 

Dr. A. Gorpon: In connection with this work of Dr. Spiegel and his associates, 
I wish to state that the work of many physiologists, such as Schiff, Rokitansky, 
Claude Bernard and Brown-Séquard, on the relation of the central nervous system 
to diseases of the gastrointestinal tract, particularly with regard to ulceration and 
perforation, was undertaken a long time ago. Cushing operated on various areas 
of the brain—the frontal lobe, the occipital region and the base. He reported that 
in many cases he observed ulceration of the stomach at autopsy. Brown-Séquard 
cauterized the cortex and later noted perforation of the stomach and the upper 
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part of the duodenum. Beattie, I believe, stimulated the tuber and accelerated 
the rate of digestion resulting in ulcer of the stomach. 

All these experiments on various areas of the brain, from one pole of the 
brain to the other, and on the hypothalamus also show there is a relationship 
between the central nervous system and the condition of the gastrointestinal tract. 
“his work of Dr. Spiegel and his associates is exceedingly important, and indeed 
valuable. 

Cushing advised strongly in every case of a pathologic condition of the brain, 
before operative procedures were undertaken, that the condition of the gastro- 
intestinal tract be examined. 

How can such a relationship be explained? The consensus of the investigators 
that I have mentioned is that effect is through the hypothalamus, and from the 
hypothalamus directly on the vagus nerve; indeed, experiments have been carried 
out in which stimulation of the vagus nerve produced ulceration. 

[ do not know what Dr. Spiegel’s opinion is in regard to that question, 
[ should like him to state whether he believes, too, that the center for gastro- 
intestinal activity is really in the hypothalamic region. I recall some experiments 
not long ago on the peripheral nervous system and the upper part of the medulla 
in which similar conditions were observed in the stomach and the upper part of 
the small intestine. 

Dr. E. A. Sprecet: Dr. Moore brought up an interesting question. It has been 
observed that abdominal pain may occur sometimes in patients with disease of 
the parietal lobe. It is not improbable that abdominal pain in such diseases is 
due to intestinal spasm elicited by stimulation of corresponding areas. But I 
cannot give definite proof for such an assumption, since our animals either were 
under anesthesia induced with morphine and chloralose (a compound of chloral 
hydrate and dextrose) or were curarized. Our records show only that reactions 
of the smooth muscle of the intestinal tract occur on stimulation of the areas 
indicated and that these reactions may sometimes be accompanied by changes in 
respiration, 

Various problems are involved in Dr. Gordon’s remarks. I am a little skeptical 
about the relationship between lesions of the various parts of the central nervous 
system and gastric ulcer. So-called ulcers have been produced from so many 
parts of the central nervous system that it is difficult to see which part really has 
an effect. What the various investigators produced was usually acute erosion, and 
not a real ulcer corresponding to the chronic ulcer in man. I do not deny that 
in the production of ulcer of the stomach in man some neurogenic factor is 
involved. The nervous system may play an important role in the pathogenesis of 
the ulcer, but I am skeptical about the interpretation of some observations which 
tend to show that a specific area of the brain is responsible for the genesis of 
ulcer of the stomach in man. 

I do not deny that the hypothalamus has an influence on gastrointestinal 
motility. That has been shown by a great many investigators, but I think that 
the conduction of corticofugal impulses to the vegetative system is only partly 
by way of the hypothalamus. In other words, two groups of corticofugal path- 
ways must be distinguished: one conducting by way of the hypothalamus and one 
conducting outside the hypothalamus. 

In accordance with the theory outlined in my monograph, Wang and Lu found 
that one can destroy the hypothalamus and still get a reaction of the sweat glands 
on stimulation of the cortex. In experiments with Dr. Hunsicker I observed 
reactions of the bladder and the vasomotor centers on cortical stimulation after 
cutting the chief efferent fibers of the hypothalamus. While Kabat, Magoun and 
Ranson only occasionally obtained reactions of the bladder on stimulation of the 
internal capsule, probably owing to the pentobarbital anesthesia used, Langworthy 
and Kolb noticed a rise in vesical pressure on stimulation of the internal capsule, 
the cerebral peduncle and the pyramidal tract in the oblongata, and Langworthy 
and Richter obtained an increase of activity of the sweat glands from stimulation 
of the corticospinal and the rubrospinal tract 
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Book Reviews 


Encephalography. By E. Graeme Robertson. Price $5. Pp. 105, with 68 
illustrations. Melbourne, Australia, and London: MacMillan & Co., Ltd.; 
New York: G. E. Stechert & Company, 1941. 

The book consists of ten chapters and is 105 pages in length. Chapter 1 is 
devoted to the introduction, and in it is recorded the case reported by Luckett in 
1913, in which the ventricles were filled with air after a fracture of the skull. 
Then the early reports on ventriculography and encephalography by Dandy are 
recorded in extenso. 

Chapter 2 is devoted to the technics of encephalography and is divided into 
three parts: (1) the recognition of suitable indications; (2) the efficient conduct 
of the actual procedure, and (3) the interpretation of the results. The author 
mentions the usual indications and contraindications for the procedure. In figure 
5a the author shows the roentgenogram being made with an assistant holding 
the casette. The assistant is entirely unprotected from the roentgen rays, and 
this practice must be condemned. The roentgenographic technic as described by 
the author utilizes a number of unorthodox positions and appears laborious, 
inasmuch as he states that taking the encephalogram requires from sixty to ninety 
minutes. Lateral stereoscopic views are obtained only with the patient in the 
horizontal position; these are not sufficient, in the reviewer’s opinion, for proper 
roentgenographic study. 

Chapter 3 is devoted to the technical results and is based on the analysis of 
208 cases. In 7 cases the air did not enter the ventricles. The patients had the 
usual reactions, and the author believes that the procedure has no therapeutic 
value. Three patients in the series died. One of them had an astrocytoma of the 
right temporal lobe and another an aneurysm of the middle cerebral artery. It 
was not thought, however, that encephalography was responsible for the patient's 
death. No diagnosis was made in the third case. 

Chapter 4 is devoted to the route taken by the air and the anatomic con- 
siderations. The distribution of the air in the intracranial cavity and how it is 
affected by alterations in the position of the patient’s head are fully described 
and portrayed in the accompanying illustrations. 

Chapter 5 is devoted to a study of the fourth ventricle. The author first 
describes the anatomy of this cavity and its relation to the brain stem and the 
cerebellum and then its appearance as seen in the pneumencephalogram with the 
patient’s head in various positions. 

In chapter 6 the aqueduct of Sylvius is described, first anatomically and then 
as it appears in the roentgenogram. A case of stenosis of the aqueduct is 
reported, and from the appearance of the calcium shadow in figure 38a it is likely 
that the lesion was due to toxoplasmic encephalitis. 

The third ventricle and its encephalographic anatomy are considered in chapter 
7. A number of illustrations of the third ventricle as seen in various views of 
the head accompany this chapter. The lateral ventricles are then considered, 
and the various portions of these cavities are described, primarily as they appear 
in the pneumencephalogram. The distortion of the ventricular system as produced 
by tumors of the cerebral hemisphere is then discussed. The author properly 
calls attention to the fact that in a small percentage of cases an intracranial tumor 
may exist without recognizable deformity of the ventricular system. Post- 
traumatic conditions are discussed, such as subdural hematoma and enlargement 
of the lateral ventricles. A small section is devoted to the size of the ventricles. 
Under the heading of epilepsy, the author points out that frequently the lateral 
ventricles are asymmetric. Then follows a discussion of degenerative, atrophic 
and aplastic lesions of the brain, as visualized in the encephalogram, together 
with the etiology of these changes in the brain. 
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Chapter 9 is devoted to the presence of air in extraventricular positions. The 
appearance of gas in the subarachnoid space, first over the cerebellum and later 
in the various basal cisterns, is discussed. Lastly, the gas in the subdural space 
is described as it is seen beneath the tentorium and over the cerebral hemispheres, 

It is the belief of the reviewer that the author has covered too much subject 
matter in this small edition. Another criticism is that the figures, practically 
without exception, have been retouched too much. : 

The monograph, for the most part, is well illustrated and contains a sound 
description of pneumencephalography and its uses. 


A Text-Book of Neuro-Anatomy. Third Edition. By A. T. Kuntz, Ph.D, 
M.D. Price $6. Pp. 518, with 317 illustrations. Philadelphia: Lea & 
Febiger, 1942. 

The third edition of this text is, like the previous ones, written for the use 
of the medical student. The outstanding feature of the book is simplicity and 
clearness of presentation. The didactic point of view is always stressed, and 
each chapter is concluded with a summary. The danger that a student might 
give more attention to the summary than to the preceding, more elaborate pres- 
entation is counterbalanced by the advantage that is gained by the stressing of 
important factors and the subordinating of details. 

In the first two chapters, which show no changes as compared with previous 
editions, the author succeeds in describing in thirty-nine pages the evolution, 
comparative anatomy and ontogenesis of the nervous system in an exceedingly clear, 
simple and, at the same time, comprehensive manner. These chapters are followed 
by a short description of the gross anatomy of the central nervous system. Here 
the author breaks away from the traditional manner of initiating the study of 
the nervous system with the microscopic elements and the neuron theory. His 
method is more in line with modern pedagogic methods, stressing the whole and 
the Gestalt. Subsequently, however, the histogenesis, the neuron and the inter- 
stitial tissues are described, although in a not very detailed manner. Discussion 
of the reflex and correlation mechanisms in the spinal cord and brain stem 
precedes the description of the long conduction pathways, which are presented 
in their functional relationships. 

The diencephalon and the thalamic connections are discussed in greater detail 
here than in the previous editions. 

In the chapter on functions of the cerebral cortex the author attempts to give 
a summary of the present knowledge of aphasia, a discussion of which hardly 
belongs in a textbook of neuroanatomy for medical students. The presentation 
is necessarily schematized and must be confusing to those who lack clinical 
knowledge and experience. 

As in the previous editions, the illustrations are not up to modern standards. 
\ large percentage are taken from various sources. Many of the diagrams are 
overcrowded and difficult to follow at the magnification given. The usefulness of 
this otherwise truly valuable, and in many respects original, book could be 
increased by the adoption of more modern illustrative technics. 


Mental Illness: A Guide for the Family. E. M. Stern and S. W. Hamilton. 
Price $1. Pp. 152. New York: The Commonwealth Fund, 1942. 

This little book is written for the sake of the families of patients afflicted with 
mental disease. It consists of a brief account of the phenomena of mental disease, 
the methods of diagnosis, the legal procedures involved and a discussion of hos- 
pitalization as seen by the family. Relatives are urged to make representations to 
the officials in charge of the hospital in case of apparent neglect or abuse and to 
join local and national organizations for the furtherance of mental hygiene. Useful 
tables giving information concerning the local provisions for the mentally ill in 
various states are presented. 

Copies of the book may be purchased in quantities at low cost for distribution 
to relatives by institutions. 
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